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ABSTRACT 

The effect of parity non-conserving nuclear force is studied in a 

deformed nucleus, Hf. The big nuclear structure factor of the SOI keV 

gamma transition in the decay of 
180mHf 

enables one to observe a big 

asymmetry of 1.5% at an average temperature of 20 mK°. The nuclear structure 

factor can arise by various mechanisms. For example, small energy spacing 

of the nuclear levels with opposite parity will cause a large mixing between 

them and/or the parity-allowed transition (in this case, M2) has an 

anomalously small matrix element while the parity-forbidden transition (E2) 

is not hindered. The low temperature necessary for producing polarized 

nuclei is achieved by adiabatic demagnetization of a chromium potassium 

sulfate-glycerin slurry which provides about 10 mK° heat sink. The Hf 

nucleus is polarized by a magnetic inter., stion of its dipole with the 

hyperfine field it sees in a cubic ferromagnetic compound, ZrFe2, at low. 

temperature. 

The asymmetry is defined as the intensity ratio of the intensity 

difference in 180° and 0° with respect to its nuclear polarization direction 

to its average value: 
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2 . H(1B0) - «(0) m 2 

W(180) + W(0) 1 + G 2B 2A 2 + G 4 B 4 A 4 

where G. are determined from knowing the source-detector geometry; B are 

evaluated from the anisotropy of the 444 kev gamma transition in Hf; 

A. are known from the transitions and the nuclear states involved) A, and 

A are independent of parity mixing and their values can be obtained from 

an angular correlation experiment! A, and A are proportional to the parity 

mixing ratio. So by measuring the asymmetry of the 501 kev gamma transition, 

one can evaluate the parity mixing ratio. Taking the slow warm-up of the 

sample into account, we derive the parity mixing ratio as 0.0290(19). 
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INTRODUCTION 

After C. S. wu et al. succeeded in showing that parity is not 

conserved in weak interactions which are responsible for nuclear beta 

decay/ searches for parity violation in strong and olectroniagnotic inter­

actions have been carried out. In a nucleus the constituent neutrons and 

protons are bound together by strong and weak nuclear foresB. All the 

experimental evidence indicates that parity is a good quantum number. 

Based on Feynman and Gell-Mann's generalized theory of the weak 
2 ^ 

interaction (Universal Fermi Interaction, UFI), 31in-Stoyle" estimated 

the ratio F of the strength of the parity non-conserving force to that 

of the parity conserving force -o be of the order 10 
4 

Wilkinson was the first person to look into possible experimental 

ways to observe parity-violating effects in nuclear physics. These small 

effects can be detected in two ways: 

A. Search for violation of Absolute Selection Rules 

Cases exist in which the transition probability between two nuclear 

levels is strictly zero if parity is conserved. If one observes any 

transition between these two levels, the observation will confirm parity 

violation and determine its magnitude. 

The experiments have been carried out by alpha decay of Ne and 

0. consider the 0 alpha decay from the 2- state to a 0+ state of 
12 C. It is energetically possible, but the orbital angular momentum 

carried away by an alpha particle (which has zero spin) must be L « 2, and 

the corresponding parity even. It follows that the decay cannot take place 

since a change of parity is required. However, if there is admixed an 

amplitude F of the 2+ state then the decay can take place through that 
2 component of the wave function, with intensity proportional to F . 



B. Searching for the Interference Term 

Because all of the parity experiments in nuclear physics to date, 

in detecting the interference term, have looked at the outgoing gamma 

radiation, we will restrict our discussion to such experiments. The weak 

interaction Hamiltonian which gives rise to the parity non-conserving 

potential (PNC potential) will give an asymmetry in the angular distribution 

and a non-vanishing circular polarization of outgoing gamma radiation. The 

circular polarization can be detected from an unpolarized source. One can 

measure the circular polarization, for example, by looking at the intensity 

difference of gamma radiation scattered by a magnetized iron foil when the 

magnetization direction is reversed. This method utilizes the fact that 

the cross section of the compton scattering process is spin dependent. In 

order to observe the asymmetry in the angular distribution, one must 

prepare polarized nuclei. There are several review articles ' ' which 

describe the detailed mechanisms behind the methods for polarizing nuclei. 

Generally, these can be classified as follows: 

1. Dynamic Nuclear Polarization 

So far only the following two methods have been applied in the 

parity experiment: 

a. Polarized neutron capture. Experiments based on this technique 
.. • J H 3 _ . 107. 115 T 1„ 32„ 207„. 2„ 16-20 

have been carried out on Cd, fig. In, K, s, Pb, H. 

b. Polarization by optical pumping. Hg has been polarized by 

optical pumping on this campus. Depolarization in high density samples 

due to the resonance trapping of optical pumping light prevents observation 

of the asymmetry from pumped Hg. 



2. Thermal Equilibrium Nuclear Orientation 

The universal way in t h i s method i s to polarize the nucleus in a 

ferromagnetic l a t t i c e at low temperature. The nucleus in the ferromagnetic 

s i t e w i l l see a hyperfine f i e l d ' from i t s e lec trons which are polarized 

through exchange interact ion from i t s ferromagnetically ordered environment. 

The most common hosts are Fe, Co, and Mi. But not every element i s soluble 

in these trans i t ion elements. Hg and Hf, for example, are prac t i ca l ly 

insoluble in iron. Hyperfine f i e l d s of these two elements in an iron 

l a t t i c e are found by ion implantation. 

The hyperfine f i e l d s obtained by various methods have been 
24 tabulated by T. A. Koster and D. A. Shir ley . 

3 . Angular Correlation 

Angular correlat ion e x i s t s because of angular momenttm. The second 

radiation must corre late to the f i r s t radiation, which defines the 

polar izat ion d irect ion in our case , to preserve the angular momentum 

conservation. A general review can be found in Siegbahn's Alpha, Beta, 
25 and Gamma-Ray Spectroscopy. There have been several attempts by angular 

correlat ion to study parity non-conservation in nuclear forces . ' 
181 The 482 keV gamma-ray from 5/2+ l e v e l in Ta i s the most 

extens ive ly studied nuclear l eve l both in experimental and theore t i ca l 

respects . Calculations based on models of various degrees of sophis t i cat ion 
28 29 30 are compared t o the experimental r e s u l t s . ' ' At l e a s t every one 

agrees the parity v io la t ion in t h i s level i s small . The f i r s t big pari ty 
159 v io la t ion e f f e c t was found in the 363 keV 5 / 2 - l eve l of Tb. A 

32 conf l i c t ing report appeared a year la ter by another group. In the same 
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year Krane et al,. investigated the 1142 keV 8- level of Hf by low 

temperature nuclear orientation in ZrFe.. They found the asymmetry of the 

SOI keV transition was in agreement with the previous circular polarization 

measurements. ' Kuphal did the circular polarization on the 501 keV 

transition from lif again, ar.S confirmed tho same results. Our results 

in severa? temperature regions are essentially the same as reported before. 

The parity mixing ratio of our result is 0.0290(19). The smallness of the 

asymmetry in the PNC parity experiment prevents a detailed temperature 

dependence study. 
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CHAPTER I 

THEORY 

I. Weak Interactions 

Interactions so far discovered can be classified into four 

categories! 

Categories Relative Strength 

1. Strong Interactions 1 
-2 

2. Electromagnetic Interactions 10 
3. Weak Interactions 10 

—38 
4. Gravitational Interactions 10 

In the nuclear system, the contribution from the gravitational 

interactions can be ignored as shown clearly from its strength. The 

symmetry properties under CPT and some conservation la-.' are listed in 

the following table. From this table we know that it is generally accepted 

that both strength and electromagnetic interactions have conserved charge 

conjugation, parity, and time reversal. Conservation of charge conjugation 

means the system is symmetric with respect to interchanging particles and 

anti-particles. Conservation of parity means the system is symmetric with 

respect to interchanging positive space coordinates into negative space 

coordinates. Conservation of time reversal means the system is symmetric 

with respect to intorchanging the direction of the time flow. 

The famous beta asymmetry from polarized Co experiment of C. S. 

Wu et̂  ad. showed that both C and P are maximally violated in beta decay. 

CP nonconservation in K-° decay showed that T may be violated, if the 

CPT theorem is tru'i. 



Table of the Symmetry Properties of Fundamental Interactions 

CHARGE 1EPT0H NO. ANGULAR MCKSHTOM BARYON NO. 
CONSERVATIONS CONSEPVATION CONSERVATION CONSERVATION 

YES NOT APPLICABLE YES YES 

YES YES YES YES 

YES YES YES YES 

I 

STRONG INTERACTIONS YES 

ELECTROMAGNETIC 
INTERACTIONS 

WEAK INTERACTIONS NO 

YES YES 

YES YES 

NO NO 
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The theory of weak interact ions was f i r s t described in terms of 
38 the products of vector current by Fermi before parity v io la t ion in weak 

interactions wis discovered. Sudarsham, Marshak, and Feynman, Gell-Mann 
39 and Sakurai included the ax ia l vector current into the current known as 

the Universal W«ak Interaction or Universal Fermi Interaction (UFI). Tin.-

basic idea i s that the weak interact ion can be described in terms of the 

Interactions of currents as a puantim Electrodynamic theory (QED). 

The v a l i d i t y of t h i s theory has been under intens ive experimental 

t e s t s by various methods. A v iv id account of t h i s his tory was given by 
40 C. S. Wu's lecture in Proceeding of International School of Physics . 

The weak interact ion Hamiltonian H i s taken to be of the current-current 
w 

form: 

H — { J , J + } + 

a - J ( 1 ) • J ( h ) 

where J i s the leptonic current. J in weak interact ions usually 

stands for a charged current. The recent discovery of neutral currents in 
41 42 NAL and CERN may stimulate further theoret ica l s tudies on the current 

formulation. { } + i s an anticommutator. J i s the hermitian conjugate 

of the current J. In the conventional vector-ax ia l vector (V-A) current 

form: 

J ( 1 ) = \ • ytU + Y5> • <!>$ i = 1 ,2 ,3 ,4 
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where i*. is a creation operator of leptons. y is a Dirac spinor. 

Y 5 " i • yx • Y2 • Y 3 • Y 4 • ̂  is an annihilation operator of antineutrinos. 

Take muon decay for example: 

lepton no. 1 1 -1 1 

baryon no. 0 0 0 0 

•— (?e+ • Y t U + Y 5) • *v> • Cfcj • Y^l + Y 5) • \+) - h.c. 

where the neutrino i s a neutral lepton and e lectrons and muons are charged 

leptons. I t i s c l ear that J i s composed only of charged currents. Since 

the discovery of neutral currents, i t i s the author's opinion that one 

should look a t J more care fu l ly than does the conventional model, in 

which one assumes the form of hadronic current. J , to be l ike the form 

of leptonic current with appropriate c o e f f i c i e n t (usually in terms of 

Cabibbo's ang le ) . The d e t a i l s of i t s form w i l l be presented in the next 

s e c t i o n . For the reader's convenience the Y matrices and interact ions in 

terms of dimensional in terac t ions , i . e . , s c a l a r , vector , . . . , are provided 

in Appendix I . 

I I . The Parity Non-Conserving Nuclear Force 

The parity non-conserving nuclear force (PNC nuclear force) can be 

derived from the Universal Fermi Interactions (UFI). In order to obtain 

the PNC nucleon-nucleon po tent ia l , one needs only to consider the hadronic 

currents . 



<h) ,(ds-0) ̂  . ,(ds-l. _, . . . . . J - a • J + b • J ) + higher order terms 

where J is the hadronic current with no strangeness changing, 

J is the hadronic current with transferring 1 unit of strangeness 

from reactants to products, and the corresponding Hamiltonian.' 

„ . a 2 • {j ( d s-°>, j«-°> +J + h 2 • {j<*-», j<"-»*} • ... w + + 

Because nucleon-nucleon scattering (interaction) will not change 

the strangeness, all the mixing terms between the hadronic currents will 

not contribute to the PNC weak interactions Hamiltonian but will contribute 

to the hadronic decay. The main problem for the theoretical calculations 

on this potential is due to the lack of knowledge of the current. The most 
43 widely used current is based on the original ideal of Cabibbo 

(Conventional model). In the conventional model, the relative contribution 

of strangeness changing current to strangeness non-changing current is 

expressed in terms of tan9, with 8 * 0.239, where 6 is the Cabibbo angle. 

The hadronic current is then given in terms of V-A form like the leptonic 

current. 

J ( h ) - cos6 • j " 3 3 - 0 ' + sinO • J 4"-" 

J(ds=0) = V(ds=0) + ft(ds=0) 

J(ds=l) _ v(ds=l) + ft(ds-l) 

where V,A are vector and axial vector currents and belong to the SU(3) 

octet. As we mentioned in the section on weak interactions the implication 
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of recent ly discovered neutral currents has not yet been explored by 

theore t i ca l ca lcu la t ion . Besides t h i s complication, additional d i f f i c u l t i e s 

ar i se from the i n a b i l i t y to obtain precise estimates of many-body 

contribut ions . The reason why most PNC experiments undertaken so far are 

in the heavy nuclear region i s that one hopes the richness of nuclear 

l e v e l s ( s ta tes ) in t h i s region w i l l o f fer some opportunities to observe a 

huge nuclear structure factor . The nuclear structure factor i s defined 

as the r a t i o of irregular (parity v io lat ing) trans i t ions to regular 

(parity conserving) t r a n s i t i o n s . I t i s known in th i s region that many 

regular t rans i t ions are hindered from the s e l e c t i o n rule . One hopes that 

in these kinds of t rans i t ions the irregular trans i t ions w i l l not be 

hindered. 

I I I . The Nuclear Structure Factor 

The nuclear structure factor i s important in today's PMC 

experiments. The smallness of the PNC force compared t o the PC (parity 

conserving) strong force require* an accuracy of the measurement which i s 

beyond present-day technology. Bl in-Stoyle and Michel baaed on a simple 

model ( s ingle par t i c l e ) with charged currents estimated the amplitude of 

PNC to PC to be order of 10 . Taking t h i s as an order of magnitude and 

disregarding the mechanism of PNC potent ia l , one can describe the nuclear 

system as : 

H • H° + H 



where H* is the regular strong nucleon-nucleon Hamiltonian, H is PMC 

weak potential. Because H is much smaller than 11°, one can use perturbation 

theory to estimate the effect. For the first order perturbation: 

| < ^ | H | I ) ) 2 > | 2 - | < I | » 1 » | H « | U I 2 - > | 2 + F • < N 1 ° | H J * 2 > | - | < < J ' 2 ° | H ° | I / < 1

, , > I 

we have 

( irregular t rans i t i on ! _ l < y l " J y l » l < * 1 l " J V > l 
|regular t rans i t ion! * ' |<*,° | H * | I | I 2

, > | 

Experimentally, one can obtain the quant i t ies which are proportional 

to the product, F • R. So i f one can g e t a small denominator, i . e . , for 

some nechanism in which the regular matrix element i s expected to be small , 

but not reduce the mmerator for t h i s mechanism, then one gets a large R. 

This w i l l enhance the s e n s i t i v i t y of the experiment by a factor of R. R 

can be as large as 10 or as small as 10. 

IV. The Theory of Muclear Polarizat ion at Low Temperature 

Because we are looking for parity v i o l a t i o n , i t i s e s s e n t i a l to 

polar ize the nucleus, which w i l l enable one t o observe the asymmetry in 

angular d i s tr ibut ion of the outgoing radiat ion. We use the terminology 

as g iven i n Ref. 14. The method we use t o polar ize the nucleus i s a 

combination of high magnetic f i e l d and ultra-low temperature to or ient the 

nucleus through i t s nuclear dipole moment. The high magnetic f i e l d i s 

provided by the magnetic hyperfine f i e l d from a ferromagnetic environment. 



Due to core polarization and conduction electron polarisation the non-

ferromagnetic nucleus in ferromagnetic environment can see a hyperfine 

field up to hundreds of kilogauss. The low temperature is achieved by 

adiabetic demagnetization of a paramagnetic salt. In this experiment wo 

use a chromium potassium sulfate-glycerin slurry which has a relatively 

large heat capacity at low temperatures. The system we have provides about 

10 mK heat sink, starting from an initial magnetic field of SO kilogauas 

and a temperature of 1 K. 

The angular distribution of outgoing gamma radiation can be expressed 

in general as: 

W(6) • l B | c . J k . l | [ . » k . Pk(cose) 

where B. , the orientation parameter, is a function of temperature and of the 

orienting interaction, and tells you the population of m states. G, is 

the solid angle correction which depends on the geometry of the source and 

crystal shape of the detector and the distance between them. It also 

depends weakly on the gamma energy, u is a reorientation parameter which 

indicates the loss.of orientation before the gamma-ray of interest is 

emitted. F (cosd) is a Legendre polynomial, and 6 is the angle between the 

incident radiation (the direction of the outgoing gasna-ray) and the 

polarization axis of the nucleus. K is the angular distribution parameter. 

It is usually expressed in terms of F coefficients which have been 

tabulated by Ferentz and Rosenzweig. For k even 



F k ( L L I f I i + 2 • 6 • F f c (LL"I f l i ) + S 2 • F (L'L'I I ) 

< i i i L , n , h . > 
6 . __fJL^i <i IL n n i > 

For k odd 

1 + 0 

<i IE n'<i.> 
E ' < i f I I n I r ^ 

where the F. are functions of the mult ipolarity L and the nuclear spin of 

the i n i t i a l and the f ina l s t a t e s . L' denotes that there i s a mixed 

t r a n s i t i o n . & i s the mixing ra t io for t h i s mixed t r a n s i t i o n , e i s the 

parity mixing ra t io which we want to evaluate from our experimental r e s u l t s . 

£ means that th i s L angular momentum i s carried by an irregular t r a n s i t i o n . 

V. Results of Theoretical Computations 

The comparison with the deta i l ed mesonic contributions to the 

e f f e c t on PNC experiments ' i s omitted. I t i s author's opinion that 

the lack of understanding of the contribution from many-body e f f e c t s and 

the implication of neutral currents makes the comparison too dubious. For 

t h i s reason in t h i s sect ion only the asymmetry of the 501 keV and the 
180m anisotropy of 444 xev gamma trans i t ion of Hf at various temperatures 

are computed. The deta i l ed data used from the l i t era ture and the re su l t s 

arc l i s t e d in Appendix I I . 
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ttie maximal k we used i s 4; for the higher k ' s , B are small . The 

asysnatry, a, i s defined as> 

. - W(180') - W(0») ,. " 2 ' W l * G 3 B 3 * 3 ' . . . 
* * W(180«) + W(0«) 1 + 0 2 B 2 A 2 + G 4 B 4 A 4 • • • • " ' 

U l " °2 " U 3 " U 4 " l / f o r 5 0 X k * V 

Figuri 1 (hows the re su l t s of t h i s ca lcu la t ion: A&ymmetry vs.. e at d i f ferent 

temperature*. 
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I 2 3 4 5 6 7 
6x 100 

X B L 7 4 I - 2 0 6 4 

Pig . 1. Asymmetry of the 501 keV gamma-ray vs.. par i ty mixi-iy r a t i o a t 
d i f ferent temperature. 
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CHAPTER II 

EXPERIMENTAL APPARATUS 

I. Low Temperature Facilities 

A. The Cryostat (Fig. 2) 

The cryoetat la a "can" with 4 inch O.D., 12 inches long with 35 

•11 (one thousandth of inch) wall which is attached to a 1 1/2 inch O.D. 

pumping line at the upper and and to a 1/2 inch O.D. tube (10 nil wall) which 

is 7 inches long at the lower end. All the joints are either Heliarc 

welded or sealed by indium "0" rings. 

B. The Magnets 

1. The cooling Magnet. The coil constant of the cooling magnet 

i s 439 Gauss/Amp. Its crit ical current at 4.2 K i s about 142 amperes. 

The length of the magnet i s 12 inches. A detailed description of the 
47 aagnet i s in Sammy Hung's thesis. 

2. The polarising m i n t (Fig. 3). The polarizing magnet consists 

of two pairs of perpendicularly oriented superconducing Helmholtz co i l s . 

The 4S a i l s O.D. Nb-Ti superconducting wire is wound on the fiberglass 

coi l form, which i s designed to f i t into the 1 K* bath. The outer coil 

has 1044 turns with 29 layers and a coil constant of 225 gauss/amp. The 

inner coil has 1428 turns with 17 layers and a coil constant of 233 qauss/ami>. 

3. The polarizing aagnet holder (rigs. 2 and 3). The holder is 

designed to prevent the magnet from aoving during the experiment. It 

consists of one fixed plate with 4 hrtas at the bottom of a cylinder and 

a moving plate which can be tightened to the bottom of the "can" by four 

bolts. Four rods coming from the polarizing aagnet go into the four holes 
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LHe transfer tube 

Indium 0 ring 
seal 

Copper fin 

Graphite rod 

Indium 0 ring 
seal 

Heat-shield 

Sample position — 
Tail section 

-Butterfly valve 
•To D.P. 

Anchor to LN 
Anchor to LHe 

Radiation baffle 

Upper guard pill 

Central guard pill 

Lower guard pill 
Magnet lead 

Magnet holder 

Polarizing magnet 

X i i . 7 4 1 - 20CS 

Fig. 2 . Cryostat with polar-.zing magnet. 
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Side view 

Set screw 

Adjustable 
supporting 

rod 
Superconducting 
magnet winding 

Gamma ray window 

Gamma ray window 

Top view Side view 

XBL.T4I-2062 

F ig . 3 . Deta i l of polar iz ing magnet. 
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of the fixed plate. The height of the magnet can be adjusted through 

positioning the nuts which sit one below and one above the plate for each 

rod. 

C. The Control Units and Power Supply for Magnets 

All t"*!'-* Dnwer supplies are A.C. rectified n.r. current supplies. 

The cooling magnet power supply is capable of giving 400 amperes 

(LBL 13X 1420-S1 to 13X 1420-S3) and is controlled by an A.C. motor with 

gear box reduction. The control units for the polarizing magnet are 

illustrated schematically in Fig. 4. The ramp generator produces a linear 

ramp and can produce both positive and negative polarities of 12 volts. 

The amplifier has a sensitivity of 3 amperes/volt. Two outputs from the 

amplifier can be controlled either to be 90 degrees out of phase or 180 

degrees out of phase by the ramp generator. The magnetic field from the 

polarizing magnet can be rotated through every 90 degrees or ISO degrees. 

D. The Salt Pill (Fig. 5) 

The salt pill configuration is shown in Fig. 5. Two guard pills 

are used. One sits above the central pill which serves as the cooling 

reservoir. This upper guard pill has a pump-out line coming from the 

bottom of it and going out from its sides. The can of the central pill 

is made out of mylar. The heat shield from the upper guard pill to the 

top of the lower guard pill is made out of copper foil overlapped with a 

mylar strip to lessen the eddy current heating. The lower guard pill sits 

on tne fiberglass plate through 3 graphite rods, which serve as thermal 

insulators. The heat shield from lower guard pill is extended all the way 

down to about one inch above the sample location. The central pill* the 



OC power supply 
I 

OC power soppy 
H 

19X0511 - I 
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15X8410 

Timer 
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Amplifier To outer Helmholtz coil 

To inner Helmholtz coil 

XBL74I-206I 

Fig. 4. Schematic of power supply with control unit for polarizing magnet. 
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nylon bumper 

Pump-out line 

Copper f i n 

Graphite rod 

Copper f in 

f iberglass base-

Nylon bumper 

Upper guard pill 

Sample position 

Central salt pill 

Copper heat shield 

Lower guard pill 

Graphite rod 

Heat shield 

XBL74I- 2 0 6 0 

Fig. 5. Salt pill assembly. 
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heart of the cooling uoparatus, i s protected by both upper ana lower guard 

p i l l s and t h e i r heat s h i e l d s . The copper f in in the central p i l l cons i s t s 

of 16 sheets of f ive mil copper f o i l . 

I I . Sample Preparation 

Hf jZr. „Fe i s a very b r i t t l e and hard a l loy . I t i s prepared in 

an arc furnace in an argon atmosphere. The s tart ing materials used in 

preparing t h i s compound are obtained from the following sources: 

Iron (Pe) 99.99% 

Alfa Inorganics, Ventron 

Beverly, Massachusetts 

Zirconium (Zr) 99.99% 

for the part icu lar way in which we prepare the sample, one must 

use the highest purity Zirconium ava i lab le . Random pieces are a l r igh t . 

The high purity rod did not prove to be good. 

Research Organic/Inorganic Chemical Corp. 

11686 Sheldon S t . , Sun Valley, Cal i f . 91352 
179 Hafnium (Hf) Enriched Isotope 86.98% Hf 

Oak Ridge National Laboratory 

Oak Ridge, Tennessee 37830 
179 All the s tart ing mater ia l s , except enriched Hf, are melted into 

an ingot f i r s t . Stoichiometric rat ios of Zr and Fe of ZrFe are put 

together in the arc furnace and melted at the lowest current s e t t i n g . After 

i t melts together the arc current i s increased and held at t h i s higher 

s e t t i n g for a t l e a s t 5 minutes unt i l i t i s thoroughly mixed. The resul t ing 

ingot i s turned over and remelted several times to insure that the compound 
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i s homogeneous. All the ingots coming out of the arc furnace are chemically 

etched. The Hf ,Zr 0 gFe_ compound is melted in the stoichiometric ratio 

of 0.1 Hf, 0.1 Fe, and 0.9 ZrFe . The f i r s t arc str ikes on these materials 

are very c r i t i ca l . I t must be a low arc current and a slow approach. 

Because ZrFe. is b r i t t l e , too much thermal strain on i t will tear i t apart. 

The resulting ingot is turned over and remelted several times. Part of the 

ingot is crushed into powder and analyzed by the x-ray powder diffraction 

technique. The sensi t ivi ty of x-rays insures there is at most 101 of any 

other phase which might be coexistent. The rest of the compound is spark-

cut into thin disks. The resulting disks are mechanically polished down 

to 25-34 mils thickness, with a metallic shining surface. The O.D. of the 

disks range from 275 to 195 mils. 

Three different methods of sample preparation are employed. The 

f i r s t method checks for the influence of imperfection of the crystal . The 

compound after arc furnace melting is subjected to at least 12 hours of low 

temperature annealing. The annealing temperature is about 750°C. The 

second method of sample preparation checks for the radiation damage from 

thermal neutron capture. The reaction Hf (neutron, gamma) Hf, will 

release an energy of about 7 Mev. In order to avoid the direct consaquence 

of this energy, one prepares the sample after one obtains the act ivi ty. 

The third method, of course, i s the simplest one. One prepares the compound 

by using stable isotopes, then one spark-cuts the sample into a thin disk 

and polishes i t s surface. The resulting disk is then sealed into quartz 

tubing in an Ar atmosphere and is ready for neutron radiation. Within the 

experimental error we can not find any different results by these three 

different ways of sample preparation. 
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III . Detectors and Data acquisition System 

Either two detectors at 180* to each other or four detectors at 

90* apart are used to collect the d'jta. The pulse comes out from the 

detector "front-end" and i s amplified in the Proamp (llx, 5561-PI), anrf 

than goes to the high-rate linear amplifier ( l lx , 5501-P1) which is pole 

zero compensated. The slow pulse from the high-rate linear amplifier 

(HBIA) i s used for energy discrimination, while the fast pulse from HRLA 

is used for pile-up rejection. Ihe pile-up rejector (llx, 5551-P1) rejects 

the pile-up events and slow rise pulses which occur when gamma rays of 

interest are absorbed outside the active volume resulting in partial charge 

collection. The energy discrimination is done by single channel analyzers 

(SCA, 11X, 5510-P1), which need a strobe pulse; we use the fast pulse 

coming out from the pile-up rejector. After the energy discrimination 

and pile-up rejection, the resulting pulse are fed into a router 

(l lx, 7370-P1), which separates the individual pulses of different detectors 

or different energy regions in time. This resulting pulse then feeds into 

an analog to digital converter (ADC, l lx , 4680) and i s processed by a small 

computer, PDP-7. The block diagram of the two detector and four detector 

systems are illustrated in Fig. 6 and Fig. 7. 
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Fig . 6. Electronic block diagram tor four detector system. 
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CHAPIER III 

EXPERIMENTAL BACKGROUND 

In order to be able to do the low temperature PNC parity experiment, 

some basic physical knowledge about the system of investigation must be 

known. These basic physical quantities are the nuclear magnetic moment of 

the state which is going to be oriented, the hyperfine field which tha 

nucleus seas, the temperature that the sample will havu after adiabatic 

demagnetisation and tha spin and parity of tha states from which one observes 

the gamma radiation. The following sections list these basic quantities 

with soma comments. 

I. Nuclear Structure of 1 8 0*Hf 
180 

The Hf nucleus has 72 protons and 108 neutrons. It is a deformed 

nucleus. The 8- isomeric state belongs to a K » 8 rotational band. The 

nuclear magnetic moment of the 8- state can be estimated roughly from the 

systematic study on its neighboring nuclei. The author appreciates the 

private communication with Dr. E. A. Philip for revealing this fact. Figure 

8 shows the systematic study of 106 neutrons and 72 protons in the 
180BL 48 49 neighborhood of ^Tlf. ' From this study it is clear that the 8- state 

180 of Hf is mostly a two proton state. The contribution from a pure two 

proton state or two neutron state can be evaluated from its neighboring 

nuclei, tie can compute the nuclear magnetic moment of the two neutron state 
177 179 

from the Hf ground state (g.».) I - 7/2, 7/2-(514), and the * liffg.s.) 

I « 9/2, 9/2+(624). Here 7/2 and 9/2 are nuclear spins; the sign after 

these values are parity values of the states and ( ) are Nilsson quantusi 

numbers. The magnetic moment for these states are 0.61 nuclear magneton 
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(n.m.) for 7/2-(514) state, and -0.47 n.m. for the 9/2+(624). 5 1 From these 

we estimate the contribution from a two neutron state to be less than 

0,1 u . He can compute the nuclear magnetic moment of the two proton 
181 state from Ta(g.s.) and 6.3 k»V atate t 7/2+(404), and 9/2-(514), 

respectively. The magnetic moments are 2.35 n.m. for the 7/2+(404) state 
52 S3 and 5.29 n.m. for the 9/2-(514). ' Prom the systematic study we choose 

the magnetic moment of Hf as 8.2 n.a. Our estimate is actually 
54 confirmed by the later experiment of (Corner et al., From their Mossbauer 

spectrum of the 2+ ground state of the rotational band, whose gyromaqnetic 

ratio is known from angular correlation results, they deduced the hyperfine 

field of Hf in Hf Q 1 Z r Q g F e 2 to be -200±20KG. Using the results from 

Krane ejt ajL., the magnetic hyperfine splitting, they confirm the nuclear 

magnetic moment of the 8- state as 8.6 n.m. and conclude that it is a very 

pure two proton state. More detail is listed in Appendix iv. 

II. Magnetic Hyperfine Splitting of Hf in ZrFe, 

lhe hyperfine field of Hf in ZrFe at two different concentrations 

are reported by Mossbauer effect. 

Concentration Transition Gyromagnetic ratio H in KG Temperature 

Hf Q 5 Z r Q jFe, 2+ •* 0+ 0.31 220 R.T. 

Hf ,Zr 0 gFe, 2+ •* 0+ 0.263 200±20 4.2'K 

Considering the possibility of structure variation due to high concentrations 

of Hf s Z r n -Fe , 20% hyperfine field variation on top of 10% experimental 

accuracy might be expected. So at least one can say the temperature 

dependence of the hyperfine field of Hf in ZrFe. from room temperature to 

low temperatures is not large. From the general behavior of magnetization 
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of ferromagnetic material with respect to temperature, i t i s very reasonable 

to expect this result. The Curie point of pure ZrFe is 364*C. The value 

of the magnetic hyperfine splitting of 7.9 mK is adopted to compare our 

experimental results. 

III . Thermometry 

The temperature of the sample i s determined by Co thermometry 

and/or internal thermometry of the 444 kev gamma radiation from Hf. 
60 _ A. Co Thermometry 

1. Sample preparation. Co in IN HC1 solution was introduced into 

a 99.99* pure iron fo i l . The foi l was dried on a hot plate under a nitrogen 

gas stream. The resulting ingot was pressed into a thin disk, then annealed 

and repressed into a thinner disk, then rolled into a thin foi l . The 

resulting foi l was annealed under a hydrogen gas stream at 750*C for 12 

hours. 

2. Nuclear data of Co. The nuclear magnetic moment of the 
60 5+(g.s.) of Co is 3.754 n.m. Its decay scheme i s shown in Fig. 9. Its 

major decay mode (99%) is 5+(beta)4+. Sammy Hung reinvestigated the 

asymmetry of this decay and confirmed that i t i s a pure Gamow-Teller 

transition within his experimental error. 

3. Angular distribution function of Co. The angular distribution 

of the 1.17 MeV and 1.33 MeV gamma transition in the decay of °Co are the 

same. Both are pure E2 and can be described as: 

W(6) - 1 - 0.42056G2B2P2(cos8) - 0.242B0G4B4P4(cos6) 

where G. and B are solid angle corrections and orientation parameters, 

respectively. 
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1,332 keV 

60 Ni 

XBL74I-2056 

60„ rig. 9. Partial decay scheme o£ Co 
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4. Hyparfine f i y l d of Co in iron. The hyperfine f i e l d of Co in 
24 57 

Fa i s -287 .7 KG. This value i s confirmed by John A. Barclay. Ho used 
60 NHRDN on Co in an iron s i n g l e c r y s t a l . Tha s ing le crysta l was used due 

to inhomogsnaous broadening considerations. The resu l t of ca lculat ions on 

tha angular d i s t r ibut ion function at 0* and 90* from 10 mK to 100 mK i s 

Ho ted in Appendix I I I . 

B. 444 key Internal Thamoaietry 

The U. c o e f f i c i e n t s are evaluated under the assumption that the 8-

i soner i c s t a t e to 8+, 57 keV t r a n s i t i o n , i s pure El . The degree of mixing 
58 from the other mul t ipo lar i t i e s was invest igated by Krane e £ ajL. They 

found that the mixing ra t io s are small . Their resu l t s are: 

(H2/E1) - -0 .00940.07, <E3/E1) « -0 .013±0.02. The angular d is tr ibut ion 

function w i l l be described as: 

W(6) . 1 - 0.3654G 2 B 2 P 2 (cos6) - 0.1487G 4 B 4 P 4 {cos8) 

The r e s u l t of ca lculat ions with t h i s angular d is tr ibut ion function i s 

l i s t e d in Appendix I I . 
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CHAPTER IV 

RESULTS AMD DISCUSSION 

I. Raaulta 

A. Homogeneity of the gaaplo 

railura to obtain via nuclear orientation the big ntt hyperfine 

field pravioualy found for Hf in an iron ' lmttice when uaing J.1-0.01 

atomic paroant of Hf in iron haa forcad tha author to examine the homoganeity 

of tha tdapla. HfQ ,ZrQ qfa,. The possibility of nixing some other phase 

like ZrFe,, Zr,Fe in the ZrFe. lattice was inveutigated by x-ray powder 

diffraction. A typical x-ray spectrum i s shown in Fig. 10. In this study 

tha CuXQ x-ray waa used. Tha angles range frca IS* to 30° or from 3.01 A 

to 1.50 A, respectively. X-ray data of these intermediate phases are listed 

in Table I , where s,w,ia mean atrong, weak, and median and vw,mw,ms mean 

vary waak, Mditai weak, and medium atrong, respectively. The signal to noise 

ratio froa Fig. 10 ensures that other phases can not exist' as more than 

10% of tha total aaaiple, and shows the major phase is ZrFe, in the face 

center cubic (F.C.C.) structure. The reaults of Hf in iron (Hf(Fe)) arc not 

praaentad in thia thesis. The smallnaes of the anisotropy of our experiment 

fro.; die 444 keV gamma transition indicates that i t is hopeless to do parity 

experiments on the Hf(Fe), in tha way we prepared i t . Further investigation 
180tn on this system might be undertaken in this laboratory by Hf ion 

implantation into a thin disk of an iron sing.'' crystal. The dosage and 

incident beam energy should be varied to optimize the results. General 
63 remarks on tha ion implantation technique can be found in Deutch's 

review article. 
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Fig. 10. The x-ray powder spectrum of Hfn .Zr n _Fe, 



Table I . d-Spacings and I n t e n s i t i e s 

Z r 2 P e 6 1 Z r F e 2

6 1 Z r F e / 2 

Z.80 m 
2.75 w 
2.63 mw 
2.58 ms 
2.55 w 
2.50 ms 
2.47 w 
2.36 ms 
2.35 8 
2.21 W 
2.16 ms 
2.09 vw 
1.69 w 
1.66 w 
1.44 w 
1.40 w 

2.49 43 
2.13 100 
2.03 30 
1.62 w 
1.44 22 
1.36 30 
1.25 30 
1.25 30 
1.19 w 
1.12 27 

2.936 5 
2.681 20 
2.384 50 
2.249 100 
2.070 100 
1.977 20 
1.051 20 
1.853 5 
1.786 10 
1.766 10 
1.635 20 
1.620 20 
1.S21 20 
1.427 50 
1.376 100 
1.350 80 
1.284 50 
1.275 50 
1.225 20 
1.193 80 
1.175 100 
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B. Act iv i ty 

The sample weight ranged from 38 mg to 200 mg; using var ious 

neutron irradiat ion times the approximate resultant a c t i v i t y was 20 

raicrocuries from 1 8 0 m H f . The r e l a t i v e a c t i v i t y of 1 8 0 m H f and 1 8 1 H f from 
179 e i ther natural hafnium or enriched 66.96% Hf i s compared in Fig. 11 and 

Fig. 12. The advantage of using enriched isotopes i s profound as shown 

in Fig. 11, e spec ia l l y for long irradiat ion times. The difference in the 
1 Hflm 3 fll 

activity ratio ( Hf vs_. Hf) is very critical in impurity studies as 

in our case of Hf(Fe) which needed a long irradiation time to obtain enough 

activity. Table II lists the count rate of 444 kev gamma transition at the 

beginning of and at the end of some experiments. 

C. Linearity of Spectra 

The linear relationship in energy versus channel number held both 

at low and high count rates. By low count rate we mean count rates about 

200 cts/sec(0.2KC), and high count rates, 2000 cts/sec(2KC); both refer to 

the 444 keV peak at the analyzer. But this is no longer true in efficiency 

versus count rate. The efficiency is decreased as the count rate is 

increased. Taking the spectra of at room temperature in the same 

source-detector geometry as the real parity experiment for enough tine to 

cover the whole range of counting situations reveals this fact. The effect 

of this "electronic blockage" is clearly shown in Fig. 13 and Fig. 14 for 

Det. 1 and Det. 2, respectively. The solid line in both figures are theo­

retical lines which are an extrapolation from the last six low count rate 

experimental points. The half life of S.5 hours and good behavior of the 

detectors at low count rates are assumed. 



-37-

Ifil 1 r — r - - , - • - | — • | • | i , • 

1.32 s -

1.18 
/mW\ 

1.03 s 

• f 8.82 / 
•~ 
o 7.35 / 

% 5.88 
o 
£ 4.41 

/ 180m,.« 

2.94 / 

1.47 

O i f' i . i i i I I I I 
10 20 30 40 
HFI79 (0.137) 1x30 min 

XBL74I-2I99 

50 

Fig. 11. 8«lativ« activity of 1 8 1Hf to 1 8 0*Hf from natural hafnium by 
neutrons capture at various radiation tims. 
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10 20 30 40 
HFI79 (0.869) IX«30MINS 

XBL74 I -2 I98 

1.81 180m 
Fig. 12. Relative activity of Hf to ^ t f from enriched hafnium 

(86.98% Hf) by neutrons capture at various radiation times. 



Tabic II. Orientation and Counting Rate of Detectors 

Date Det. No. Diitance At the Beginning At the End 
(cm) Orientation ct«/12 rcins cts/12 mins 

1 21.6 270 3.5 « 10 5 8.1 x io 4 

2 20.1 0 1.7 6.3 
6/4/73 

3 10.2 90 2.8 7.3 
4 11.4 180 1.8 7.8 
1 19.7 90 4.6 x 10 4 7.1 x io 3 

2 5.1 180 4.7 1.3 x io 4 

6/5/73 
3 9.7 0 4.1 2.4 x io 3 

4 10.8 270 3.8 5.5 
1 29.5 180 1.4 x 10 5 6.4 x io 4 

C /Tt /It 

2 10.8 270 3.5 1.2 x io 5 

o/-U/ l i 
3 11.5 90 3.1 1.2 
4 13.4 0 1.4 7.6 x i o 4 

1 27.1 270 2.9 x 10 5 6.4 x 1 0 4 

2 9.6 160 2.8 1.1 x I 0 5 

6/29/73 
1 11.9 0 2.6 1.1 
4 13.5 90 3.3 6.0 x x o 4 

1 17.1 270 1.8 x 10 5 1.7 x i o 4 

10/2/73 
9.1 90 7.3 x io" 
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320 640 960 1280 
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XBL74I-2200 

Fig. 13. The electronic blockage of detector 1 
The solid line i s normal behavior decay curve based on the low 
counting region, while the points are experimental data. 
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Det. 1 is a high resolution and high efficiency detector, while 

Dat. 2 is a high rasolution and stadium efficiency detector. Although both 

have 40 cc of active volume, today's detector technology is still not able 

to reproduce the exact quality. The fact that saturation occurs at 0.7 KC 

in Dat. 2 while Dat. 1 still behaves fine indicates that this anomalous 

behavior is a detector dependant phenomenon. For this reason the 

independent correction factors are applied for each detector in the data 

analysis. The correction factors are listed in Table III. 

D. Background Subtraction 

Linear background subtraction is used throughout the whole data 

analysis. The general procedure is as follows: 

1) Select two markers in front of the peak which is under integration 

as marker 1 and marker 2. 

2) Select another two markers on the other side of the peak as marker S 

and marker 6. 

3) Select two markers on either side of the photopeak's base line. The 

low-energy marker is chosen low enough in energy to allow the 

broadening of the peak due to pile-up events and slow rising pulses 

at high counting rate. 

The spectra at the beginning of the experiment and at the end of 

the experiment are shown in Fig. 15 and Fig. 16, respectively. The 

broadening of the 444 keV photopeak is claarly shown by comparing these 

two figures in the low energy end. Figure 17 illustrates the above 

mentioned background subtraction. Only the backgrounds of the 444 keV 

and the 501 keV peaks are shown for clarity. Where 



Tabic I I I . The correction 

Uncorrected Factor Uncorrected 
c ountc/12 Bins Factor Count*/!2 ains c 
''500000.00 1.518 400000.00 
450000.00 1.448 350000.00 

4 400000.00 1.372 300000.00 
4 300000.00 1.281 200000.00 
4 200000.00 1.190 100000.00 
/ 100000.00 1.095 90000.00 

k 90000.00 1.090 80000.00 
• 80000.00 1.084 70000.00 
V 70000.00 1.074 60000.00 

60000.00 1.064 50000.00 
50000.00 1.058 40000.00 

I 40000.00 1.045 30000.00 

1.830 
1.600 
1.443 
1.243 
1.108 
1.096 
1.085 
1.071 
1.060 
1.049 
1.035 
1.025 

60000.00 
50000.00 
40000.00 
30000.00 
20000.00 
10000.00 
9000.00 
8000.00 
7000.00 
6000.00 
5000.00 
4000.00 

43 
336 
273 
205 
138 
075 
,069 
063 
.057 
.050 
.044 
.038 

50000.00 
45000.00 
40000.00 
30000.00 
20000.00 
10000.00 
9000.00 
8000.00 
7000.00 
6000.00 
5000.00 
4000.00 

50 
405 
333 
238 
150 
095 
089 

1.083 
1.077 
1.070 
1.065 
1.059 

for Bach Detector 

Uncorrected Factor 

2.50 

Uncorrected 
Counts/12 wins Factor 

2.50 

Counts/12 sins 

350000.00 

Factor 

370000.00 

Factor 

2.50 

Counts/12 sins 

350000.00 2.17 
360000.00 2.30 340000.00 2.04 
350000.00 2.17 300000.00 1.72 
340000.00 2.04 250000.00 1.47 
300000.00 1.72 200000.00 1.34 
250000.00 1.47 150000.00 1.24 
200000.00 1.34 100000.00 1.16 
150000.00 1.24 90000.00 1.14 
100000.00 1.16 80000.00 1.12 
90000.00 1.14 70000.00 1.10 
80000.00 1.12 60000.00 1.08 
70000.00 1.10 50000.00 1.075 

45000.00 1.880 38000.00 1.58 
40000.00 1.670 35000.00 1.47 
38000.00 1.580 30000.00 1.325 
35000.00 1.470 28000.00 1.300 
30000.00 1.325 25000.00 1.250 
28000.00 1.300 20000.00 1.208 
25000.00 1.250 15000.00 1.140 
20000.00 1.208 10000.00 1.128 
15000.00 1.140 9000.00 1.090 
10000.00 1.128 8000.00 1.080 
9000.00 1.090 7000.00 1.070 
8000.00 1.080 6000.00 1.060 
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XBL74I-2202 

180m Fig. 16. The gama-ray spectrin of Hf from Ge(Li) detector at the 
end of the excerinent. 
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Fig. 17. The background subtraction process. 
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channel no. 178(408) as Barker 1(5) 

channel no. 218(463) as Barker 2(6) 

X on channel no. 198(438) as the weigh average between 

marker 1(5) and marker 2(C) 

channel no. 285 as marker 3, where integration s ta r t s 

channel no. 357 as marker 4, where integration stops 

area B as background 

The straight line la drawn through two X. The area under this line between 

aarkar 3 and Barker 4 is taken as background. 

E. Data Handling 

about one to two thousand spectra are written on IBM tape. Each 

spectrum haa two records. The first record serves as identifier (ID). The 

second record stores the gamma-ray spectrum from Ge(Li) detector and displays 

i t into 1024 channels spectrum. The f i r s t two channels are the live time 

of the analyser. Figure 18 shows the portion of these 1024 channels gamma-

ray spectrum for two different magnetic field directions. 

The program called SUMPAR was written to handle the photopeak area 

integration. The background correction i s mentioned in Section D. SUMPAR 

does the following things: 

1) Reads in the markers as input data 

2) Reads the f irst record and ignores i t 

3) Reads the second record and identifies the data points to IDATA 

4) Analyses the photopeaks by using the input markers 

5) Moraalixaa the photopeak with respect to the live tiros of the analyzer. 

6) Repeats the step 2 to S unti l the end of the experiment. 

7) Prints out the information 



3 
8 

444 keV 

270° 
501 keV 

^ 

I80e A _ 
^ 

4 5 6 
Channel number 

7 
XBL74I-2205 



SUMPAR gives the a r ea of the photopeaks with l i n e a r background 

s u b t r a c t i o n . This b a s i c information i s then fed i n t o another two programs 

ANI501 and PARITO t o eva lua te the a n i s o t r o p i e s of 444 keV qanroa t r a n s i t i o n 

or Co gamma t r a n s i t i o n s and the asymmetries of 501 kev gamma t r a n s i t i o n . 

The basic information from SUMPAR i s in spec ted . The optimum combination 

of the spectra under the same magnetic condi t ion i s chosen. For t h i s reason 

alone t o t a l automatic da t a ana ly s i s 1B not a t tempted . An example of the 

output of SUMPAR i s p resen ted on the following page . 

F. Data Analysis 

1. E r r o r a n a l y s i s . We use the fundamental formula of the propagat ion 

of e r r o r s : 

r , 3 f .2 2 ,3f .2 2 ^ ^ ,3f .2 2 ,1 /2 
° f " [ t -3*7' • ° 1 + (9x7> • °2 + • •• + ' S T 1 • °n ' 1 2 n 

1/2 „ 1/2 „ 1/2 

In the case of an iso t ropy of thermometers we have: 

. - WOO) - W(O) 
W(90) + W(0) 

o f = 4 • /(W(90) • W(0)/(W(90) + W(0>) : 

For the temperature average of p a r i t y da ta (asymmetry) we sijnply use : 

f « (x, + x , + . . . + x„ ) / n 1 2 n 

a f - ( 0 l

2

 + a 2

2

+ . . . + a n

2 ) 1 / 2 / n 
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The above mentioned error analysis must be modified to suit the 

way we analyse the data. In order to correct the decay of the activity, 

the triple corralation at aach experiment point is employed. The properly 

weighted average in this case is weighted by /3/2 of the error, o. Let 
xi-l' *i' xi+l * t* t o t a l counts accuaulatad in some regular tine interval 

at tha average time t. ,» t., t,+,, respectively. Where x's are experiment 

point! after correcting tha electronic blockaga. It is essential to do this 

in order to employ the following formulae. 

»i • • * t ( i M i _ 1 - m * i + 1 M t i + 1 - t i ) / < t i + 1 - t j . j ) } 

A - 2 • (Xj - B ^ / ^ * B i) 

\ • * • /xi • v ( x i + v 3 

where B. are total activities at time t . calculated from i ts nearest-

neighbor points, x , . and x. - at time t , . and t, , , respectively. A, 

can be either asymmetry of the 501 kev gamma-ray or anisotropy of the 444 

kav gamma-ray. 

The weighing process i s done in two ways to take care of the 

different warm-up characteristic of salt p i l l in different experiments, 

a) For the narrow temperature variation experiments 

The experiments of 6/20/73, 6/29/73, and 10/2/73 have a very small 

temperature variation. In these experiments the average temperatures are 
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* 1 

£»./o/a • o: > 
A 2 
£ 1/(3/2 • O* ) 
1 *i 

, , J* 2 1 " 1 / 2 

°X" ̂  (2 l / < 3 / 2 'Vi 

than the corresponding parity mixing ra t io and i t s error, i and 5 - , are 

evaluated frca A and 5-, re spec t ive ly . 

bj For the wide temperature variat ion experiments 

Only the experisient o f 6/4/73 has the wide temperature variat ion 

in experiments which we used t o analyze the parity mixing r a t i o . In t h i s 

case the data analys is i s done as following: F irs t the corresponding 

par i ty nixing r a t i o and i t s error are evaluated from A. and a and 
i 

temperatures from the anisotropy of the 444 keV gamma-ray at time t . . Then 

the properly weighing process for par i ty mixing ra t io i s carried out as: 
N 
£e. /<3/2 • az ) 

i - i - i ±-
£ 1/(3/2 • al ) 

, N , , - 1 /2 
a- - / 5 / 3 |E 1/(3/2 • or* ) | 

2 . Magnetic hyperfine s p l i t t i n g . The magnetic hyperfine s p l i t t i n g 

can be obtained by knowing the anisotropy and the temperature. Temperature 

can be measured e i ther internal ly (the nucleus serving as thermometer s i t s 
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in the saa* equivalent lattice site* as the nucleus at which the magnetic 

hyperfine splitting is to be evaluated) or externally. There are not 

available data for Co in ZrPe . Co(Fe) is a well known thermometer. 

The effective hyperfine field of Hf in iron as an impurity is too small when 

the foil is prepared by melting. The secondary internal thermometer other 

than 444 keV gawna transition from ^ f is not available. Although 

external thermometry has ssveral drawbacks! with careful data evaluation 

and some precautions one can reach the same precision as Internal thermometry. 

By using an external thermometer, Beveral reasons which cause a temperature 

gradient between the sample and the thermometer must be taken into 

consideration. 

a) The sample and the thermometer at different locations 

In the case of a very hot active sample with poor thermal 

conductivity to the heat sink, the temperature gradient between the 

thermometer and the sample can be huge. The thermometer can read essentially 

the sink temperature while the sample is actually at an order of magnitude 

higher temperature. This situation was actually met in the early experiments. 

b) The sample and the thermometer at the same location 

Different thermal paths for the sample and the thermometer can make 

them read different temperatures. This happened when the sample had a great 

thermal bcindary resistance due to the improper soldering, even when the 

Co(Pe) foil sat on the top of the sample and the sample was directly 

soldered to the copper fin. The iron foil would see the lower temperature 

through the soft solder joint, and the poor thermal conductivity between 

the sample and the copper fin prevented the sample from cooling down. 
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Dua to the difficulty of watting the sample, aoft aolder instead 

of In ox Hood's Metal solder was used, with acidic flux. Electroplating 

nickel on the aaapla worked equally wall. Ilia Co (Fa) external thermometer 

was carefully calibrated as l isted in Table IV. The temperature in column 
. I B 

4 was evaluated based on D(BXP), where D(EXP) - -9.6868 * 10 erg, 

corresponding to magnetic splitting of 7.9±C5 nK. D(EXP) is a product 

of magnetic moment and hyperfine field (UH). D( Co) is VH based on the 

temperature evaluated fron the anisotropy of Co(Fe). The reason for 

using the weak source strength of Co is that the stronger source strength 

of Co presents two problems: a) The signal to noise ratio became worse 

due to high Compton background from Co in the 444 keV and 501 keV regions. 

It became progressively worse as the Hf decayed, b) More heat load 

was introduced to the heat sink. Even with this weak source strength one 

still is able to say that D(EXP) is in agreement with D(boco) within 10» 

and that is the accuracy that most experiments obtained. 

3. Internal thermometer. Knowing the magnetic hyperfine splitting 

of Hf in ZrFe,, one can determine the sample temperature internally by 

measuring the anisotropy of the 444 keV gamma transition. A typical internal 

temperature evaluation based on Det. K112-C) is illustrated in Table v. 

The data in Table V are taken from the experimental results of 6/4/73. 

Anisotropy is defined as the intensity ratio of the intensity difference 

in 90° and 0° to its average value. AM in column 6<7) is the anisotropy 

evaluated at the data point of 90°(270°) to the polarization axis. Of 

course, one can evaluate the anisotropy at the data point of 0° and 180° 

in the same manner as ANI and AN2. The difference is expected to be small. 

The rest of the experimental results are presented in Table IX. 
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Tabl* IV. Datamination of tht Hyparfina Interaction 

Timm 444 kaV TEMP. 6 0Co TEMP. D(60co) 
(MM) ANI (90) *H2(270) (nX) M«(90) JW2{270) (mK) D(BXP) 
16 .32811(368) 27.75(21) .1866(211) 28.1(2.0) 1.09 
48 .33551(381) 27.32(22).2170(209) 25.7(1.3) 0.93 
80 .33310(395) 27.46(23) .2058(211) 26.5(1.7) 0.97 
112 .31575(409) 28.51(261.2268(207) 25.0(1.4) 0.88 
144 .31575(422) 28.40(26) .2026(209) 26.7(1.7) 0.92 
176 .30382(437) 29.27(29).2058(211) 26.5(1.7) 0.91 
208 .29060(452) 30.17(32) .2181(208) 25.6(1.5) 0.B4 
240 .29409(467) 29.92(31).2080(206) 26.3(1.6) 0.89 
272 .29706(483) 29.72(32) .1808(208) 28.7(1.9) 0.95 
304 .29225(499) 30.05(36).1606(210) 30.7(2.4) 1.01 
336 .27674(516) 31.17(40) .1675(207) 29.9(2.2) 0.96 
368 .26097(534) 32.40(441.1711(207) 29.6(2.1) 0.91 
400 .25859(551) 32.60(45) .2070(207) 26.4(1.6) 0.82 
432 .25263(571) 33.09(51).1873(208) 28.0(1.9) 0.85 
464 .24922(590) 33.39(51) .1647(207) 30.3(2.2) 0.91 
496 .24448(608) 33.80(53).1281(207) 34.9(3.1) 1.04 
528 .23366(631) 34.79(59) .1712(205) 29.2(1.5) 0.83 
560 .23971(649) 34.23(60).1527(205) 31.6(2.4) 0.92 
592 .23675(670) 34.51(62) .1190(207) 36.5(3.5) 1.06 
624 .22567(696) 35.57(69).1392(206) 33.4(2.8) 0.94 
656 .23274(715) 34.88(66) .0940(207) 41.8(5.0) 1.20 
688 .22063(740) 36.07(78).1540(205) 31.5(2.4) 0.87 
720 .21064(766) 37.13(86) .1728(205) 29.5(2.0) 0.79 
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4 . Aay—wtry of the 501 keV y-ray. The r e s u l t s o f the asymmetry 

measurement* of the 501 x«V gamma trans i t ion from are presented in 

Table V with the experimental r e su l t s of 6 /4 /73 , 6 /20/73 , 6 /29 /73 , 10 /2 /73 . 

UH in column 4(5) i s the average value of WU80D) and AW(OD) (AWU80D) and 

W(0D)). AH(OD) i s the arithmetic average of W(0D)» at equal time before 

and af ter W(180D). The true W(0D) at the data point of WU80D) i s expected 

to be vary c lo se t o AW(OD) in the 16 min t ine in terva l . The error in 

column 6 i s evaluated as mentioned in Section F of 1 error ana lys i s . All 

the re su l t s of d i f ferent experiments agree with each other pretty w e l l . 

Det. 2(102-6) i n the experiments of 6/20/73 and 6/29/73 had magnetic f i e l d 

dependent c h a r a c t e r i s t i c s . Whether the small asymmetries in these two 

experiments i s due to t h i s character i s t i c or not i s not known. 

5. Asymmetry t e s t . Asymmetry t e s t s of the 444 keV gdirma trans i t ion 

from served as a systematic asymmetry t e s t . The resu l t i s presented 

in Table VII, and i t shows there i s no systematic asymmetry bigger than 

0.0005(9) in Det. 1 of 6 /4 /73 , while the asymmetry we observed in 501 keV 

gamma trans i t ion i s 0 .022(3) . I t i s c lear ly shown in th i s resu l t that the 

asymmetry of the 501 keV i s rea l . Co asymmetry t e s t s were a lso carried 

out . The r e s u l t s in 11 /2 /73 , 11 /8 /73 , 11/13/73, and 11/15/73 are not as 

convincing as the re su l t s from the 444 keV gamma trans i t ion due to 

i n s u f f i c i e n t s t a t i s t i c s , although i t i s negat ive . The stronger source of 

Co alone in the early experiment showed no asymmetry but the system was 

modified l a t e r due t o i t s vulnerabi l i ty t o superfluid l eaks . 

6. Parity mixing r a t i o . The re su l t s of parity mixing rat io are 

presented in Tal e VIII. The only ambiguity in the determination of the 
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VAttC VI ASVfHCTRV OF THf 901 *EV S4HMA RAV 

MMf IN HIV. HIIIODI «111001-*«IO0l IKIIlOOI-NlbOi 
AIM AAM 

M i . I 10/2/73 

• I M O t . i l 
it.se 15777.5J .0JO2 .011142 
64 .00 14121.11 .0124 .011520 
»».oo 14156.6* .0254 .011615 

126.00 I t W . I I .0141 .011*44 
uo.oe i i t i i . t r .0070 .012026 
ivi.no u t i i . o g • 0054 .012112 
224.00 13115.01 .0117 .012191 
25*.oo It*12.12 .0217 .012547 
241.00 12*17.41 .0151 .012728 
120.00 12014.19 - .0004 .0121*1 
152.00 11634.64 - . 0009 .013109 
364.00 I l l U . d - .0013 .011127 
416.00 10115.51 - .0070 .011511 
446.00 10662.12 . 0 0 ) 1 .013412 
4(0.1)0 1052*.44 .02*4 .011145 
512.00 9744.72 

TtXfJ. 6»£AAGS STINIUKtl OfVIATION 

otr.2 ionn% 

0 15022.79 
12.00 14410.06 .0015 .011771 
64.00 13920.66 .0124 .012024 
14.00 13107.43 .0392 .012241 

120.00 13261.60 .035 7 .012391 
160.00 124i4.54 .0235 .012596 
192.00 12279.04 .0034 .012773 
224.00 1202 3.21 - .0026 .012906 
256 .00 1,707.61 - .0029 .011061 

<2I6.00 11465.05 - .0096 .013239 
120.00 11015.83 - . 0033 .013461 
152.00 10652.66 .0203 .011612 
384.00 10120.60 .0331 .011764 
416.00 10113.92 .0155 .014007 
446.00 9035.34 .0146 .014312 
46U.00 9269.22 .0657 .040137 
512.00 9379.22 

tCMP. AVERAGE S*ANOAflO DEVIATION 

http://IMOt.il
http://it.se
http://iitii.tr
http://ivi.no
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mixing ratio are G 1 and G, (see p. 16). The uncertainty introduced in 

determining the parity mixing ratio due to the uncertainty in G, is small 

because G is multiplied by B A, and this latter quantity is only 11. % 

of B,A 1 at temperature in the range 20-30 mK. The high value of G, and G 

we used ensures that a. is nearly equal to 1. So the uncertainty due to 

G, is also Mall. Averaging all the available experimental data, we get 

the mixing ratio equal to -0.0290(19). This value is lower than all the 

previous experimental recults which are listed in Table VIII. The error 

we quote is simply statistical in nature. 

7. Summary of the results. The following things were checked or 

tried: 

a) Radiation damage due to the recoil energy from thermal neutron capture 

is negligible in the metallic system. 

b) Crystal imperfection introduced by neutron capture and/or mechanical 

stress cannot be detected. 

c) Magnetic saturation on the sample was checked in higher magnetic fields. 

The instability of the power supply makes the experiment very difficult, 

but one still can show the magnetic field we used actually saturated the 

sample. 

d) A 4 counter and a 2 counter system were set up to check any systematic 

asymmetry. No such effect can be deduced within our experimental accuracy. 

Table IX summarizes all the relevant experiments. Column 3 lists 

roughly the geometry of the sample before soft soldering. Column 4 lists 

the internal temperature based on the 444 keV gamma transition of 

Column S specifies whether the sample was prepared before the thermal 
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Table VIII . Asyaauttry and Mixing Ratio 

Date Sar. No. Distance Orientation Asyamtry and Mixing Ratio 
(Ave. Tenp.) Temp. Range -e 

112-C 21.6 cat 270* .0464(59)* 

# 
6/4 /73 

6/20/73 
(16.4 mK) 

6/29/73 
(22.0 nK) 

10/2/73 
(17.35 mK) 

3068-C 20.1 

68-B 10.2 

239A-C 11.4 

112-C 29.5 

102-6 10.8 

68-B 11.5 

239A-C 13.4 

112-C 27.1 

102-6 9 .6 

68-B 11.9 

239A-C 13.5 

112-C 17.1 

102-6 9 .1 

0» 

90" 

180* 

180* 

270* 

90* 

0* 

270* 

180* 

0* 

90* 

270* 

90* 

17.75-29.20 mK 

16.30-28.00 mK 

15.35-28.00 nK 

15.35-27.20 mK 

.015976(3957) 
16.5 mK 

.010015(2832) 
16.0 nK 

.013766(2736) 
16.0 nK 

.016237(4432) 
16.55 mK 

.011108(3027) 
23.4 nK 

.006819(2459) 
20.9 mK 

.013104(2340) 
19.5 mK 

.011068(3278) 
22.6 mK 

.012704(4696) 
16 .2-18 .3 nK 
.012931(4895) 
16 .2-18 .7 mK 

.0378(68)° 
K h 

.0464(64)° 
K h 

.0252(63)° 
K 

.0279(75)* 

.0184(52)° 

.0252(50)° 

.0296(81)° 

.0244(67)* 

.0151(55)° 

.0290(52)° 

.0244(73)° 

.0281(89)* 

.0283(92)° 

0.0290(19) 
0.038 (4) 
0.041 (7) 
0.033 (9) 

fol lowing: 

This experiment 
Krane a t a l . , Phys. Rev. C £ , 1906 (1971) 
Jenschke e t a l . , Ffays. Letters 31B. 65 (1970) 
L i p s o n e t a l . , Phys. Letters 35B, 307 (1971) 

The s o l i d angle correction used for a .b . c are l i s t e d in the 
(continued) 
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Tabla VIII (contlnuad) 

Gl G 2 G 3 G 4 
a 1.0000 0.9920 0.9900 0.9800 
b 0.9990 0.9852 0.9680 0.9512 

a 
ItM parity nixing ratio of thia axpariaant la avaluatad from aach 
axparl»antal point aa daaorlbad In tha taxt. 



Table IX. Smmazy 

Date Ho. of Detectors 
Being Used 

a/b ratio Temperature 
<«K) 

Compound Hade 
Before or After 
Neutron Capture 

Anneal 

6/4/73 4 .034/.211 16.8-28.0 before no 
6/5/73 4 .034/.211 16.4-34.1 before no 
6/20/73 4 .022/. 189 18. before no 
6/29/73 4 .0205/.238 25. before no 
7/4/73 4 6 (We) 10. - -
9/26/73 2 .0205/.238 16.0-32.0 before no 
10/2/73 2 .0205/.238 17.3-28.7 before no 
11/1/73 2 .025/.257 29. -33. before yes 
11/8/73 2 .034/.254 29. -37. after no 
11/13/73 2 .025/.223 22.0-24.2 after no 
11/15/73 2 - 27.1-38.0 after no 



-67-

neutron capture or after. The sample used in the experiments of 9/26/73 

and 10/2/73 was the old sample from 6/29/73; the surface of the sample was 

just cleaned and it vas sent into the reactor again. 

II. Discussion 

Hie asymmetry is unambiguously observed in the 501 keV gamma 

transition of Hf. The optimum experimental situation can be reached, 

if the following things can be achievedt 

A. About Detectors 

Removing the electronic blockage will be the major improvement of 

this experiment. Detectors to be used in this experiment must be able to 

tolerate high counting rate situations without degrading the efficiency 

of the detector. 

B. About the Polarizing Magnet 

Three things can be done with respect to the magnet: 

1. Ripple from the output of the power supply must be eliminated. 

Hie amplifier of the D.C. power supply is in resonance with the inductance 

of the polarizing magnet. At higher current outputs the ripple amplitude 

and frequency was so high that it actually drove the superconducting magnet 

normal. Worst of all it alnost always heated up the sample by eddy current 

heating. 

2. Modify the linear ramp into sinusoidal ramp. This modification 

will further lessen the eddy current heating from rotating the magnetic 

field. The experiments show that it is not essential but it is nice. 

3. Set the polarizing magnet in 4°K instead of 1°K. The advantage 

of this will be discussed in the next section. 
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C. about the Cryoetat 

The tail section of the cryostat is so small (1/2" O.D.) in space, 

that one cannot have confidence that the sample will not touch the 

inner wall of tha tail section. The tail section will certainly be at 1°K. 

The smallness of the tail section is dictated by the polarizing magnet 

which is inside tha 1*K bath. In order to put the polarizing magnet in 

tha 4*K bath, two ways can ba used to solve tha problem, but both involve 

major work. 

1) Change the inner wall of 4°K bath to make room for the polarizing magnet 

to gat in. 

2) Keep the sane dewar and wind a magnet with bigger wire to allow higher 

current, say 50-100 amperes so that the magnet can be made small enough 

to fix into the present dewar. To wind a new magnet is not too difficult. 
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APPENDIX I 

GAMHA MATRICES W D INTERACTIONS 

I . Interaction* 

Interaction* can ba deecrlbed In tanu of their dagraa of freedom. 
Intaraetion Degree* of 

Freedom 
Syabol Interaction 

Matrix 

Scalar 1 S ?' • * 
Paaudoecalar 1 P J • Y 5 • • 
Vector 4 V * \.. * 

Axial vactor 4 A * > a • Y 5 * 
Tanaor 6 T ' f f o * * 

In 4-iH«en«lonal phaaa apace, wa have 16 degraa of frseden. I f we a w up 

a l l tha diaanaiona i n coluut 2 , we do get 16 degree of £reedca>. Hare I|I 

are annihi lat ion operator*, $ ara creation oparatora, 0 „ are antiaynaetry 

tanaor. 

* - * + • y4 - (*!*. * 2 * . - * 3 \ - * 4 

aaB " 1 lya ' Y 8 " YB V 



I I . Ga—a Matrices 

Gaana Matrices ara the solutions of the Dirac equation. They are 

nomalizad and satisfy the ccmutation relation: 

yV Y V + Vv Yp " ' V V "° V * V ' H ' v " 1 ' 2 ' 3 ' 4 

V -
The simplest foras are: 
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Y 5 * i TTX ' Y 2 
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APPEMDIX I I 

AMISOTROPY OF 444 keV AMD ASYMMETRY OP 501 keV 

GAUtt TIMN8ITION FMH POLARIZED 1 B a * H f 

I. Anlsctropv'of 444 kav 

Tha aniiotropy of 444 kav froa polarised Hf in ZrFe, lattica 

is calculatad undar tha following assumptionsi 

11 '7 kav •- to •+ tranaitlon is pura El 

2) 444 keV •+ to 6+ is pura 12 

Than wa gat tha following valuaa aa input data for computation. 

•agnatic hyparfina splitting UH -e.68686 x 10" 1 8 arg 

raoriantation parameter U(2) 0.95833 

U(4) 0.86111 

angular distribution F(2,l) -0.38132 
parameter, T. 

* F<4,1) -0.17271 

solid angla correction G(2) 0.992> 0.9852i 0.9725 

G(4) 0.9B0) 0.9512) 0.9110 

Three geometries have been used. 

The reaults with the listing of the FORTMM program are presented 

in the following pages. 

II. Aavaaetrv of 501 keV 
lo/w 

The asymmetry of 501 keV transition from polarized Hf in 

ZrFe, lattice can be calculatad with known parity mixing ratio. In order 

to simplify the program handling, we abaorb the parity mixing ratio into 

the aolid angle correction terma, G. and take these aa parameters. 



p n » i * t »NiH.(im>TOinujT> 
DI*i*SlO» Ut4) 
31AC.MSHH «• 13> 
9f 4CVSIO* :>jMJU »>«•>»«« 115) 
3I<*iW10* >M*>.AU,3> 
C0*O*t/»MIVJ.S»A.J-MnE 

»A«l»»OI|> *»1-JD * * « CCMECTIO^ COEFFICIENT 
»A*«l»0<?> *Di.ll> A*UE cCO«CTlO* COEFFSCUNt 
»»'l3)«fl(3t S9.I0 »t«LF CCOHCTIOM CnEFFlCUNf 
PA*U)«QCAl SO.iO » « t f CCOVCHOM COEFFICIENT 
•»ns)«»;iri »ciivtr» AT TIME » 
» A * ( k ) « f t t m M!<fN» 'A t I J Of OAMMA f»Y 0 « - L .90UW AT 
M « T I « H . l "(*<.F LIFE 3 f I S D * E « I ! ' IT4TE I I HJUM 
F A « § ) » T : M J I I S l f t A L tEH'eNATUAL A M I * OEMAONCtliAt 1 3 N 
P « * l » > « S . O ' l * » T j I F T»M»r»ATU*t "AJIE AFTER 0!MA0«TW«TI .1w 
» A * U < I > * » ? « 

t F O * t * T < « ' i % J * 
JO F o * t A T ( F l » . J ) 
I I F o t M A T t l l l U A H H t W I<* « <( |M> «( «cOl ur Ay 

1 2 X * » i * * I i T » 0 > t f t t * n 9 - t A * I i T f t O » Y l / ' > 
11 F 0 * M A T ( l « , r i » , J , F l ( l . S , F l ? . 5 FJ , . ! > . F l 3 . 5 . F l o , 5 , F j n , 5 ) 
13 F O * t A T « / / / S<»tOHpA4<ZI« « F t r . » » » X i « ( l H M S ( » | . i F l n . 5 / / | 
1A F O W A T U l i M 
I S FORMAT(1-It fS<*»A l (> 

1*1 FORMAT ( » M 1.51 
l'>) F n * » A T U * | J « 5 » 
1.12 F 6 4 M * T < F l A . 2 f F Z J . l | ) ) 
403 FO*MAT(t«»>n-0 • • « r4404 I N T4E3HT) 

J , - i 
X»w.J 
AtAl) ] « 1 , U l D ^ U , , * ) 
K*Q l t l Z i 5«JH 
RfAO ! » • • l ( » . U . J > , J . 1 . 3 l , l « ) . * > F A « > « « . | 
F A « 3 ) . 0 , « 

M . ( H M . I 
»A*<7 )«5 ,S 
»A1(S|«C,f l 
» A * < l C l « 1 . ' 
« A 0 1S» Tr 
30 »»9 K . i , 3 
WAD I * , t i l 
*CA0 * , * *?«2 ) , »« f t<« l 
WJHT 15, 13 
»»I^T 13 , J I M j I l P l ^ U I 
HUNT 11 
00 I t* l»IJ» 
A I . F L O A T l J ) - ! . 



(HSU HJAJN «6t HitolW 1N-H31»JS - KOW'S ' 
Wi 

3TNIW03 ttt, 
CO| !NfH« «<ft 
(66 CI DC 

3TNI1IS03 t 
I N H M m M O ' U X M l l A ' I S l l H . 'Z l INlfifl 

A«/Ao»*Z«IH» 
MU/AO«N» 

( IU»(2)A«*» 
<ll>-(Z)A«AC 

3fNI*MW i 
tbV«0 , <iUm , f» i«1 i * rUl lC3m y » 3 

Z*f«3CI « "C 
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SU3RD0TIHE H£3*Y< J . ««•>»*,F»3P»K1 
aC»L L « i L r 
3HENSI0* ' t ( 4 )«P2 ( t l « 3 3U>t» * I *> 
3I0EMSIO0 ' l?l|] i»t*?lR{li)> 
3 I * * S I 0 * ; H W . J U ) I » U , 3 ) 
CO*M0N/PlRIVJ,S»A«.H'ilDs 
PM13E»»:O3'tI0i-J)»»0 
PS»U3E>-1.?»«3»IC0SHI3E*f> #»!»>*»2-J.> 
B3«lJE»"i.j»(5. , lC3S(<<-l)»90)>»*3-3»COS(N-ll»>0 
B4tJDE>»7.1?3«(3S,»<(C3S((N-l)*90n»»*.3»(:05(lv-l)*» )l»«?.3) 
NuIDE 

P l l l i a l . 
f>K2)»Q-
Pl«3>«- | . 
»»<*>•»• 
p 2 ( l ' * l " P8<il»i».5 
» 2 < 3 > « 1 . 
P 2 U I » - i . 5 
P 3 ( l ) « 1 , 
»3<2»"0. 
P3 (3 )« - l . 
* 3 U ) M . 
» 4 < i l n l . 
?4(2>«0.37S' 
P*<3>«l. 
R«UU0*1TV 
3(1)»PAR|1) 
3<JI«P»Rt?> 
3(3)«P»R(3I 
a<M>P*R(«l 
»CTC>P»R(5t 
«ATI3aPAti(«J 
4L*P*R<7t 
TE«P»PAR<»> 
SLJ»»PAR(tl 
»»;K«P*RI I I» 
Ai«(*a«U»l t *«Tj3»»l | > 2»»RATIO*»e»». l l .3 l>- ' ( t .»«Tl3»»2) 

<JLTIP. IT OR j * n > £ 3» i 

A2«<»<20J»2.M»Tn»M?t2)»R»TI<l*»2»»<2f3M/n.M*U3»»2! 
A3«4»<3tlJ»l1'»R».Tl3M<3t2)«HATXO*<'2M.|3t3n/«l.»«T13«<»2| 

XJtTIP.* OR 3t«JC 3+ 1 

A4a1«|«>)>>2.»RATl3*A(»t2)«R«TI0**2*A<««3))/(n < l)Ari3»2) 

lETAl«KrA'.<l«*SU»*X> 
3sJH<HIETtl 
Cl«S3RK.. '«(S»l . )»S)) 
C2«3.<>SQ*f <5. / tS*<s»l .>»(?.»S-l .>*t2.»SO.)>> 
C3«s.«so»ir(7,/((s«»,)»ia,.s»3.)*(s»i.)»s»(?.»s-i.)»(s-i . i n 
M M . 
l«2.*S-*> 
30 1 I*1,L 

1 CO*TlNJE 
IS OME STATEHE"* 03 *1TH 0J7 PAR£NTH5IS 3R0UP COWiCT 

http://jlTip.it%20or%20j*n
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F 2 - 1 . 
l » 2 . * S * 5 . 
00 2 F - l . L 
F2«F2»! 

2 CONTINUE 
- IS ONE STATEMENT OH WITH OUT PAkENTHSIS OPOUP CORRECT 

T F I S - 2 . t 3 . 2 , 4 
4 C . - S 0 H 1 K Z . » S H . I * F l / F 2 l 

G1 TO 5 
3 C««9. 
5 SO«0. 

S1«0. 
5 2 * 0 . 
S3«0 . 
S * " 0 . 
SS-O. 
S l l - O . 
S21 -0 . 
S31«0 . 
S*1«0. 
S 5 1 - 0 . 
N L > 2 . * S + l . 
00 6 K - l . N l 
A«»K-1 . -S 
EK-EXPC-AM*B) 
SO-SOtEX 
Sl"Sl*AM*EX 
S2"S2*AV**2*EX 
S3«S3»A1**3«EX 
S««S4*AM**4*EX 
S5«SS*AM**5*EX 
AMX~I-AM)*EX 
SU'S11»AHX 
S21'S21«AM*AKX 
S31«S31*AV**2»/HX 
S*1«S41*AM**3*AMX 
S51«S5l*AM***»AMX 

6 CONTINUE 
B1«(.1*S1/S0 
« 2 « C 2 * ( S 2 / S C - S » ( S + l . l / 3 . ) 
R 3 « ( . 3 * < S 3 / S C - 0 . 2 * C 3 . * S * * 2 + 3 . » S - 1 . I * S 1 / S O I 
H * « C * * l 2 l O . * S * / S 0 - 3 0 . * « 6 . * S * * 2 * 6 . » S - 5 » l * S 2 / S 0 * i e . * S * < S - l . l * < S * l . t 

U S * 2 I 1 
LN2-ALOGI2.> 
l T . m * 6 0 . / L N 2 
T-X/1T 
E«FXI'C-TI 
F 0 - < l . * A l * B l * O ( l l * l l < l > » P l < I n E I » 
1 A2*P2»G(2)*U(2I*P2U0E>+ 
2 A3*R3»G<3>*Ui3>*P3(TQE>+ 
3 A4*ft4*T><4l*U(',l*P4<lt>EmA(.T0*E 
F«FO*BAtK 
•FIJI 10,11,11 

11 CONTINUE 

DERIVATIVE OF F 
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U P A H < l | . A l * D l * U m * P l « i n E I * A C T Q * E 
OPAK < 2 > >A 2*B2*U I 2 >* P2 <! UEI *ACTO* E 
OPAF. ( 3 l -A3* '3i* l l < 3 I *P3 ( IUE) *ALT0*E 
0PAM4» .A4*8«*UUt*P<K!HEt *A( .Tn*E 
n p / R ( 5 i « ( i . * A i + i i i + c « i » * u ( n * P H i n E » * 

1 A2*B2*f i<2l*U<2)*P2(TOF.)» 
2 A 3 * R 3 * C ( 3 » * U O ) * P 3 < t E 6 > * 
4 A 4 » ( l 4 * G U ) * U O ) « P 4 | ] 0 e ) ) * E 

O M » 2 . * « - P A T i r * A H i l ) * ( l . - R A T i n » * 2 ) « A ( l , 2 l » k A T l r * A ( l i 3 ) l 
l > A 2 . 2 . * | - P A T I ( ! * A I 2 i l l M l . - P . A T i n * * 2 ) * A < 2 t 2 ) * K A T ! C * A ( 2 i 3 > i 
n A 3 « 2 . » l - P A T I n * A ( 3 « l l » ( l . - K A T I N * * 2 | * A < 3 , 2 l * ' i A T I C * A ( 3 . 3 ) l 
n A « « 2 . * < - P A T i r > * A ( « t l l * U . - P A T 1 n * « » l * A < * i 2 I H < A T ! C t * A M i 3 f I 
OPAP.( 6 ) . (OA i « B l * 0 ( l l * U < l l * P K I D E I • 

1 OA2*B2*GU) *U (2>*P2nOE>» 
2 n A 3 » B 3 * C ( 3 l * i l ( 3 » * P 3 < m E I » 
3 n A * * B * * i } ( 4 l * U < « ) * P 4 ( I O E ) l * / C T 0 * E / ( l . » t < A T i r * * 2 ) * * 2 

nPAR(7)«(T/Hl I*HO 
I. 3 F - 0 . 2 * < 3 . » S * * 2 * 3 . * S - 1 . I 
C 4 F » 3 0 . * ( 6 . » S * * 2 » 6 . * S - 5 . t 
ORT«-«/TE«P 
nSOT.Ml«OBT 
nSlT"S21*OBT 
OS2T»S31*OBT 
DS3T«S41*0BT 
OS4T*S51*DBT 
D B i r « t i * ( s o » o s n - s i * o s o T ) / s o * * 2 
l lB2T«t2* (S0*OS2T-S2*DS0T) /S0**2 
OB3W3* | tSC*OS3T-S3*USOT) /S0* *2 - r . 3F»0BlT /C l> 
DB4T-C** (21O.*(S0*OS4T-S4*nSOT)/S0**2-C'VF*OB2T/C2) 
[ ) P A F ( 8 ) . ( A 1 * D B 1 T * G ( 1 ) * U ( 1 ) * D H I 0 E I » 

1 A2*OBZT*G(2)*U<2>»P2( IDE)* 
2 A 3 * 0 B 3 T * G ( 3 I * U I 3 I * P 3 < I D E ) » 
3 A 4 * D B 4 T * G U ) * U < * ) * P * f ! D E ) ) * A C T 0 * b 

SS- ( l . »SLOP*X i 
OBS«-B*X/SS 
OSOS>SU*OBS 
nSlS"S2l*0BS 
nS2S«S3l*OBS 
DS3S*S4l*DBS 
0S4S*S51>>t)BS 
OBlS-t 1» (S0* I )S1S-S I *DS0SI /S0* *2 
DB2<!«r2*t.tO*US2S-S2«DSOS)/S0**2 
Dn3S*C3*<f SC*DS3S-S3*OSOS) /S0**2 -L3F*DBlS/ t l ) 
0B4S«C+*( 21O.»<Sn*OS4S-S4»OSOS)/S0*»2-l4F*UB2S/C2) 
0PAP. t9 l«<Al *0BlS*G<L)*U( l>*PUT0E>» 

1 A2»DD2S*G«2 l *U (2 t *P2 ( IOEH 
2 A3*CB3S«G(3I *U(3 I *P3( !DE>+ 
3 A4*DB4S*G<4)*U(4)*P4( IOE))*ACTO*E 

D P A R ( 1 0 ) - 1 . 
11 tPNTINUF. 

P.ETIIPN 
END 
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7 CM AP**T H F I B O " * * * ^ 

P>K'2>* ,97<i3(l =>A*<*1» .91100 

itMp iMI * * ( oi)i •*< 9ioi or »r *VIJSTSO»» iNjsrajpvi 

.ogmo .111.37 1.2V679 1 .118*2 1.35915 I f . 3 1 * 9 9 1 .675 ]9 

.ooZoo , 12ll*« l . ? » « 3 9 l . l » 7 9 g 1.36885 9 .3632 f. 1 .6*799 
.00300 . 1 * 9 5 1 l . ?>700 1 . 0 » 7 J 9 1.39691 7 .31813 1.57073 
.opjoo ,19o»C 1 . 7 * * 5 0 1 .05*10 1.4349.) 5 . 5 3 6 ] 7 1 .45921 
.op'oo . 2 3 * 3 2 l . 2 * 0 » l 1,09609 1 ,4757* * , 2B*»S 1,36351 
.OljbOO .27956 1.7J6 3* .95677 1.5159/) 3 .42237 1.26231 
•oo7oo .32292 1 .230*0 . » ) 7 9 9 1.55382 2 .81178 1.15871 
.ogSoo .36413 l . ? ? 4 ' 5 .95052 J.58AB8 2 .36353 1.19331 
•UQ'OO . * 0 ? » 9 l . J l S j * .»1S1S 1 . 6 2 ( 9 3 ?.02327 1.00576 
. 0 ) 0 0 0 . * 3 9 1 5 l . ? I O * l .mi*, 1.65«06 1 .757*1 . 9 3 5 * * 
.01100 , * 7 2 » 7 1 . 2 ) 3 * 9 .73053 1.67646 1.54455 .87151 
. 0 ) 2 0 0 , 5 0 * * 7 l . l ' S ' O . 6 * 1 * 3 1.70f,17 I .37( i62 .8 l . ' 2 f l 
. 0 ) 3 0 0 .53370 l . | 9 B > 3 . 5 5 * * 5 1.72702 1.226a5 .75009 
. 0 1 * 0 0 .56107 1.ISO ST , 6 | 9 5 o 1 .7*165 1 . 1 0 4 1 * . 7 1 1 * , ; 
. 0 1 * 0 0 ,5B6*7 l . t ' 3 0 0 .59653 1.75947 I.000111 ,66671 
.01600 
.01J00 

.61012 

.63215 
1.14656 . 5 5 5 4 * 1,77568 .91038 -.tm .01600 

.01J00 
.61012 
.63215 1.13830 . 5 » 6 | 5 1 .79„*5 .83233 -.tm 

.01800 .65267 1.15126 ,»9B59 1 .8039* .76392 .55278 

. i » 9 0 0 .6713« 1 .1»*»7 .1.7266 1.81627 .70357 . ,520*S 

.02000 .6(1965 1.13793 . * * B 2 9 1.82758 .65003 , * 9 0 5 a 

. 0 2 ) 0 0 , 7 f 6 2 9 1.13157 , *253B 1.83796 .60227 ,45298 

.02200 . 7 2 1 * 3 l . l ' j S B , * l )385 1 . 8 * 7 S l , 6 5 9 * 9 , 4 3 7 | 9 

.02300 .73633 1 . 1 I » 9 T , 3 8 3 6 * 1.85630 .52101 .41334 

.02*1)6 . 7 * 9 8 8 1 .11*33 .35465 1 . 8 6 * * 1 . * 8 6 2 7 . 3 * 1 1 7 

.025/00 ,762»S 1 .11*36 . 3 * 6 8 i 1 . 8 7 l 9 i . * 5 * B n . 3 7 0 5 * 

. 0 2 * 0 0 . 7 7 * * 0 l . l t » * 6 .33006 1,87885 .42621 . 3 3 1 3 * 

. 02100 .7B5»8 1 ,0*930 . 3 1 * 3 2 1.88528 .40016 . 3 3 3 * 4 

.02800 . 7 9 5 * 6 1 .0 *539 .29952 1.89125 .37635 .31675 

.02900 .80559 1 .0 *181 .28552 1 ,89*79 .35455 . 3 M 1 6 

.03000 . « 1 4 7 l l . n * ' 2 5 •2725* 1 . 9 n i 9 6 , 3 3 * 5 3 ,29659 

.03100 .62326 1.0S3S0 . 2 5 0 2 * 1.90676 .31611 .27297 

.03200 .83129 1.07996 . 2 *667 1.91125 .29913 ,26021 

.03300 . 8 3 8 8 * fclSH .23777 1 . 9 1 5 * * . 2 8 3 * 5 . 2 4 8 2 * 

. 0 3 * 0 0 ,8»5>3 fclSH .22750 1.91935 .26893 ,237fl6 

.03580 ,8525c 1 .070*2 • 2 l 7 » 2 1 ,92302 . 2 5 5 * 7 .22653 
.03600 . 8 5 8 * 9 l . n VHV .2S«6B 1 .926*6 ,24297 .21665 
.03700 , f l 6 * » l l . j 5 * 3 7 •20007 1 .92968 . 2 3 1 3 * .2073A 
.03800 .87039 1.ft 5232 . 1 * 1 9 3 I . 9 3 ? 7 l .22051 . 1 * 8 6 1 
.03?V0 .87566 1.S5930 . ) 8 * 2 4 1.935S5 .21040 .1*1)37 
. 0 * 0 0 0 ,88o63 1.05760 .17696 1.93823 . 2 0 ' 9 5 .1926.-
. 0 * 1 0 0 .88533 1 .055*2 .17008 1 . 9 * 75 . 1 ^ 1 1 .17527 
. 0 * 2 0 0 .83978 l . n 5 9 3 5 .15357 1 .9*313 ,16363 .16635 
.0 *300 .89399 l . n 5138 . 1 5 7 * 0 1 .9*537 , 1 7 6 , 6 . 1 5 ' 5 2 
. 0 * * 0 0 .89797 1 .0 *952 . 1 5 1 5 * 1 , 9 * 7 * 9 ,16876 .15583 
• 0 * 5 0 0 . 9 0 l 7 b 1 . 0 * 7 7 * . 1 * 5 9 9 1 , 9 * 9 * 9 .1619J .1497B 
. 0 * 6 0 0 .90533 1 .6*6^5 •1*072 1.95139 . 1 5 5 * 4 . 1 4 * 2 3 
. 0 * 7 0 0 .90873 1 . 0 * * * 6 .1357? 1 .95318 .14935 .13897 
• 0 * | 0 O • 9 U »6 i.o*e*e .13096 1,95*8B .14361 . 1 3 3 9 * 
.04?00 .91503 1 . 0 * * * 7 . 1 2 6 * * 1 ,956*9 . 1 3 6 ) 6 .12925 
.05000 .91795 1 . 0 * 0 } 6 .12213 1,95802 .13305 .12475 
.05100 
. 0 * 2 0 0 :?isl? 1.0 3876 

1.0 37*5 
.11803 1 ,959*8 

1,96o86 
.12820 .12047 .05100 

. 0 * 2 0 0 :?isl? 1.0 3876 
1.0 37*5 .11413 

1 ,959*8 
1,96o86 ,1236c .1164() 



.05300 

.1)5*00 

.05500 

.05600 

.05100 

.05800 

.05*00 

.06000 

.06100 

.06200 

.06300 
,06400 
.0**00 
.06600 
.06700 
.06900 
.06*00 
.07000 
.07100 
.47200 
.57300 
.07400 
.07500 
.07600 
.07700 
.07800 
,O7?00 
.0*000 
.06100 
.09200 
.08300 
.06400 
.06500 
.0*60* 
.06700 
.01810 
.06900 
.0*000 
.00100 
.0*200 
.•930* 
.0*400 
.0*500 
.0)600 
,0*700 
.0*800 
.09900 
.10(00 

.92539 

.92839 

.93058 

.93277 

.934S6 
,93666 
.93877 
.94060 
.942*4 
.94402 
.94563 
.94717 
.9*854 
.95006 
.951*2 
.95273 
.953*9 
,95520 
.95636 
.95748 
.95856 
.95960 
.96050 
.96156 
.962*9 
.96339 
.96426 
.96509 
.965*0 
.96668 
.96744 
.96817 
.96867 
.96956 
.97022 
.97056 
.97148 
.97238 
.9725* 
.97323 
.97378 
.97431 
.97482 
.97532 
.97581 
,97f 38 
.97b 74 
.97719 

l . n l 
l . n j 
1.03 
1.1)3 
1.03 
1.01 
1 .0) 
l . 0 » 
1.0? 
1.0? 
1.0? 
1 . 0 ' 
1.0? 
1.0? 
l . n ? 
1.0? 
1.0? 
1 . 0 ' 
1.0? 
1.0? 
l .p» 
1.01 
l . n i 
1.01 
l . n i 
1.01 
1.01 
1.P1 
1.01 
l . n i 
1.01 
l . n i 
1.01 
l .AI 
l . M 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 
l . i i 
1.01 
l.OI 
l.OI 
1.01 
l . n i 

6 29 .1 IU40 1.96;1B 
514 . 1 9 6 * 5 1.96343 
*94 .13346 1 .96*62 
259 .10055 1 ,96*76 
1*8 .09712 1,96684 
102 . 0 * 4 1 6 1.9678» 
010 . 0 * 1 3 3 1,96867 
9?2 . n W 2 1,96981 
837 ,196|)3 1 .97 ;72 
756 .04354 1.9715B 
6'7B .13116 1,»7?41 
6}4 .07897 1.9732(1 
532 , n 7 6 * 7 1 ,973*6 
463 ,n7437 1,97»69 
3)1 .07254 1,97539 
333 .07060 1,97606 
272 .05873 1.976?1 
213 .06693 1.97733 
156 .116520 1,97792 
nz .16354 l ,97H5fl 
D t * . 0 4 1 * 3 1,97905 
996 .04038 1,97958 
949 .05899 1 .9800* 
»J2 . 0 5 7 * 6 1.9B.S8 
«56 .056(17 1.98106 
812 .15473 1.98152 
770 .03344 1.99196 
7>9 .pS8?0 1.98238 
639 . 0 3 0 * 9 1.98?8o 
651 . 0 * * 9 3 1,96319 
614 . 0 4 8 7 0 1.99358 
578 . 0 * 7 6 1 1.99195 
543 .n *656 1 .98*31 
510 . 1 * 5 5 4 1 .99*66 
477 .04455 1 .94*99 
446 .04360 1 .98*32 
415 .04267 1.96563 
3ii . 1 * 1 7 7 1 . 9 8 1 * * 
35? . 0 * 0 * 0 1.96623 
329 . 0 * 9 0 6 1.98652 
3)2 . 0 3 * 2 4 1 .966*0 
276 . 0 38*5 1 .9*707 
250 .03768 1 .4*733 
226 . 0 * 6 9 3 1 .9*758 
2 « . 0 3 * 2 1 1 . 9 * 7 * 3 
176 .03550 1,99807 
156 . 1 3 * 8 2 i ,.99830 
134 .03415 1.98852 

.119?* 

.11511) 

.11117 

.li'7*« 

.ir-399 

.10051 

.0*729 

.0*422 

.0*12* 

.0«6*9 
,06582 
.08327 
.08flS3 
.078*9 
,076?S 
.07*11/ 
.0721)4 
.0700? 
.06818 
.06636 
.06461 
.06293 
.06131 
.05975 
.05826 
.05681 
.05542 
.05408 
.05279 
.05154 
.05034 
,0*9|6 
.0**05 
.0*697 
.0*592 
,n*491 
.0*392 
.042*7 
.0420* 
.04116 
.04030 
.03946 
.03(65 
.03787 
.03711 
.03637 
.03565 
.03495 

.11253 

.1589* 

.1053? 

.131*6 
,0*8?n 
,0»5?o 
.0*278 
,049»s 
.09730 
.19*7* 
,0»229 
1,7759 
.J 7552 
.'73*5 
.071*5 
.06*5* 
,0677n 
.055*3 
.06*23 
.05259 
.05101 
.05**9 
.03802 
.05661 
•055J* 
.053*4 
.05254 
.051*3 
.05025 
.04*lo 
.0*830 
,0*6*3 
,?*539 
,?4*49 
,?439? 
, 1*298 
,j42 37 
.0*119 
.04033 
• 0393J) 
.03*70 
.0379? 
.J371A 
.036*3 
.0357? 
.03502 
.03*35 
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10 CM »P»HT rtnalH***Ki* 

P»R<2>* .98520 ?ASC*I • .95120 

rE-IP IM>< »« 1)D> "< Q-«J) Or A/ »vlHSTRO»r ««IISr-J3Pri 

.00100 . 0 9 1 * 9 1 .2 *942 1.15?64 1 .34 )21 12 .61216 1.72626 

.0p200 . 1 0 2 1 * 1.2»»J>! 1 .1*69, , 1.33127 1 1 . 2 2 * 6 1.69752 
•oofoo . 1 3 2 * 9 1 .2 *735 1.11536 1 . 3 8 ) 3 * 8 . * 1 B * 6 J . 6 I 6 3 7 
. 0 0 * 0 0 . 1 7 * 1 * 1 .2 *455 1.07142 l ,»197n 6 .15272 1,53937 
>oo?oo . 2 1 9 * 0 1 .2*217 1.0 2237 l . * * ( 9 7 4 .65136 1.39852 
. 0 0 * 0 0 . 2 6 5 * 6 1.83777 . 9 7 2 } | 1,50353 1.65753 1,29290 
•OpTOO . 3 1 0 2 * 1.232»« .92222 1.5*?74 9 .97246 1.19557 
.03»tip .35251 1.??*>»» .87393 1.57896 2 .47914 1.13697 
.00900 .39223 i . 2 t » * e . 8 2 7 * 8 1.61205 ? . H i 9 9 * 1,02678 
.01000 , * 2 9 3 6 1 .2127* ,78339 1,64210 1 .82*56 . 9 5 * 1 3 
.01100 , * 6 3 » S 1.215J5 . 7 * 1 * 0 1 .66931 I.59H0O , 8 * * 2 7 
.01200 .49615 1 .1 *777 .70151 1,69392 l . * l * U .">2*19 
.01300 .52610 1 . 1 ' O J * .66399 1.71620 1.26209 .77379 
. 0 1 * 0 0 , 5 5 3 ' 6 1 . 1 * 2 * 1 , 6 2 * 4 6 1.73637 1 . 1 3 * * * . 7 2 3 * 7 
.01500 , 5 7 9 * 7 1 . 1 ' * * 1 . 5 9 * 9 4 1.7546B 1.02598 . 67 *11 
•oi*«o . * 0 3 » 9 1 . 1 S ' 3 3 .56334 1.77131 .93271 ,63617 
.01'1)0 .62643 1.15033 .53359 1 .7 *646 .85180 .597J8 
.oiaoo . 6 4 7 3 * 1.1529% .So55o l . * 0 t i 2 * .78104 . 5 * 1 6 9 
.01900 . 6 6 6 * 2 1 .1 *639 . 47927 1 ,81292 .71B74 . 5 2 * 7 1 
.02000 . 6 8 * 9 8 1 .1J .M1 . 4 5 * 5 2 1 .62*49 .66356 , *98?5 
. 0 2 1 0 1 . 7 o l » 2 1.13319 .»3127 

. • 3 9 * 3 
1.83510 . 6 1 * * 2 , * 7 0 0 ? 

.02200 .71772 1 . 1 ' 7 1 * 
.»3127 
. • 3 9 * 3 1,84486 . 5 7 0 * 6 , * * 3 9 6 

.02300 .73247 1.12138 . 3 8 * 9 1 1 .853*4 .53096 . • 1 9 5 7 

. 0 2 * 0 0 . 7 * 6 2 * 1 .11539 . 3 * 9 6 4 1.86213 .49534 .39711 

.023*0 .75912 1.11156 .35155 1,86978 .46310 .37613 
• 0 2 * 0 0 . 77115 1 . 1 * 5 * 1 . 3 3 * 5 5 1.87f-86 . 4 3 3 * 3 , 3 3 6 5 n 

. « 7 » » . 7 » 2 W 1.17190 . 3 1 * 5 9 1,88342 . 4 u 7 l 8 .33931 

. 0 2 * 0 0 ,79?36 l . f l 9 * 5 » .39358 1 , H B 9 5 I . 3 * 2 8 5 . 3 2 1 3 * 

. 02900 • » 0 2 * * 1 .09832 . 2 * 9 4 8 1.H9515 .36057 .3o55n 

.03000 :ft:»S l . n M 3 2 . 2 7 * 2 2 
. 2 * 3 7 5 

1 .90 f l * l . 3 * 0 1 * . 2 9 / i 7 f t 

. 03100 :ft:»S 1 . 0 * * 5 3 
. 2 7 * 2 2 
. 2 * 3 7 5 l .9»«i3 l .32134 . 2 7 6 * 6 

.03200 . « 2 * » 3 l . ( * 0 9 * . 2 5 ( 3 1 1 .90988 . 3 0 * 0 2 .253 9(1 
• 0 3 3 ( 0 . • 3 6 5 9 1.07755 •2 *096 1.91414 .288?3 .2517T 
. 0 3 * 0 0 . • • 3 7 9 1,0»»J» .23055 1.91813 .27323 .2*1139 
. 0 3 5 * 0 ,85cJ6 1,4)7129 . 22073 1 .921*6 .25951 . 2 2 * 7 1 
. U 3 * » * . • 5 * 9 * l.osf*! 

1 . 0 4 * 5 * 
. 2 1 1 * 8 1.92535 . 2 * 6 7 8 . 2 1 * * 7 

, * 3 7 ( ( . « * ? » * 
l.osf*! 
1 . 0 4 * 5 * . 2 3 2 7 * 1.92863 , 2 3 * 9 * . 2 1 0 2 * 

. * 3 * * « . 8 6 « * l l , « S « l « . 1 * • • * 1 .93171 .?23»1 .23136 
.19330 . 0 3 9 0 * . • 7 3 9 5 I , ( M i 5* . l » * * 9 1 .934*0 . 2 1 3 * 2 
.23136 
.19330 

. 0 * 0 * 0 . • 7 9 3 0 1.D5H12 . 1 7932 1,93732 ,2e*0.1 . 1 * 5 1 2 

.(*!«* . • • 3 7 7 1 .95611 .17235 1.9311a . 1 9 3 * 1 . 17759 

. t * 2 « * . 8 8 0 2 * 1 . ( 5 * 3 2 . 1 * 5 7 4 1.94?3i| . 1 * 6 5 9 .17057 

. 0 * 3 0 * . • • 2 3 * 1 . ( 5 ( 3 3 . 1 5 9 4 * 1 . 9 4 4 5 * , 1 7 « ( 9 . 1 * * 9 3 

. 0 * * 0 0 . • 9 6 5 9 1 . ( 5 8 1 4 
. 1 * 7 * 3 

1.94673 .17127 .15776 
.«»*(( .9co*e 1 . 0 * * 3 5 . 1 * 7 * 3 1 .94 (76 . 1 * * 2 9 . 1 3 1 * 2 
.«**(• . 9 ( 4 0 5 !,(»*** . I » 2 5 » 1 .95u*9 .15772 . 1 * * 1 9 
• 0 * | ( * . 9 0 7 * 0 l . ( » * J l .13732 1 .95?5 l . 1 5 1 5 * . 1 * 0 * 6 
.•*•(• .91077 1 . 8 * 3 * 7 .13270 1.95424 . 1 * 5 7 0 . 1 3 5 * 0 
.•»••• •2"H 1.(1*19J •JSW 1 . 9 3 5 M 

1 . 9 5 * * 3 
. 1 * 0 1 * . 1 3 ) 9 0 

. 1 2 * * * . 0 * 0 0 * . 9 , 6 * 4 1 .0 *059 •JSW 1 . 9 3 5 M 
1 . 9 5 * * 3 . 1 3 * 9 7 

. 1 3 ) 9 0 

. 1 2 * * * 
• 0 3 1 0 * . 9 1 9 * 6 1,83925 M l ? 5 9 1.95891 . 1 3 0 0 * .12210 
. 15201 . 9 2 2 3 * 1.01797 . 1 1 * * 3 1 . 9 6 r 3 l . 12537 .11798 



• O53ii0 . 9 2 * 3 9 l . n J675 . l l l " 6 1 . 1 6 ) 6 * . 1209* . 11 *05 
.05*1)0 .92733 1.H1559 • 10fl?A 1 . W 9 2 . 1 1 6 7 * .11030 
.03500 .9J955 1 . 0 3 * * 7 . 1 9 * 3 2 1 . 9 6 U 3 .11275 . 1 0 6 7 * 
. 05600 .93137 1.(133*1 . 1 0 1 5 * 1.96528 ,10896 .10333 
.05700 .93399 1.03239 . 0 9 8 * 0 1.96638 , U 5 3 6 .10009 
.osgoo . 9 3 6 ) 1 1 .031*2 . 0 9 5 * 0 1 .967*3 ,10193 ,0969n 
.05?00 .93795 1 .030*9 . 0 9 2 5 * 1 . 9 6 a * * .(•9B66 . 0 9 * 0 2 
.06000 .93930 1.0»959 .1)9979 1.96939 . 0955* .09119 
.06100 . 9 * 1 5 8 l.n>«7* .(19716 1.971.31 .0925T ,1)98*7 
. 0 * 2 0 0 . 9 *327 1.(1 »* 91 , o 9 * 6 * 1.97119 .0*973 . , *59a 
.06300 . 9 * * 9 0 l . 0 » 7 | 3 .0«222 1.97303 . 0 " ' c 2 . ( 9 3 3 9 
. 0 * * 0 0 . 9 * 6 1 6 1 .0»637 . 0 7 9 » | 1.97?»3 . 0 « * * 3 • u ' l J l 
.06500 . 9 * 7 9 6 1 .0?56* .07768 1.97360 .08195 .0787? 
.06600 .9»9»0 1.0»»95 .07555 1 . 9 7 * 3 * .07958 . 1 7 6 5 1 
.01700 . 9 5 0 7 8 1 . 0 ! * 2 « ,i>735o 1,97505 ,07730 , C 7 * * 3 
.06000 .9521(1 1.0?353 .07153 1.97573 .07513 .072*1 
.»6?00 .95338 » . 0 > 3 M . 0 * 9 6 3 1 ,97*39 . 0 7 3 0 * , 0 7 0 * 7 
.07000 . 9 5 * 6 0 1 .6>2*1 .05751 1,97702 . 0 7 1 0 * ,05850 
.07100 .95578 l .6» i»* .l)66f>6 1.97762 . 0 6 9 ) 1 .( ,6651 
.07200 .95692 l . n ? l > 9 . 0 5 * 3 7 1.9782(, ,067?7 .065o« 
. 0 7 3 ( 0 .95831 1.02D75 . 0 6 2 7 * 1.97B76 . 0 6 5 * 9 . 0 6 3 * 2 
. 0 7 * 0 0 . 9 5 * 3 6 i.6?02* . 0 i 11 ft 1.97930 .06379 ,0619? 
.07500 .96000 1 . 0 1 9 7 * . 0 5957 1,97982 .06215 .0502R 
.07600 . 9 6 1 ) 5 l . n i 9 » 7 .05821 1 .98 -32 .06037 ,05879 
.07700 .96200 1.01930 . 0 5681 1.98i.8(, . 0 5 9 0 S , 0 5 7 3 * 
. 0 7 * 0 0 .96291 1 .01*36 . 0 5 5 * 5 1.9B127 .115759 ,05591? 
.07900 .96378 1.(11793 .0 5 * 1 * 1.98171 .05618 , 0 5 * 6 * 
.08000 . 9 6 * 5 3 1.1)1751 ,n52B8 1.98215 . 0 5 * 8 2 ,05336 
.C3100 . 9 6 5 * 5 1.01711 .05166 1,98?56 .05351 .05211 
.00200 . 9 6 6 2 * 1.01672 . 0 5 0 * 8 1.98297 . 0 5 2 2 * .05091 
.09300 .967J1 1.01635 . 0 * 9 3 * 1.98336 .05102 ,0*97«> 
. 0 0 * 0 0 .96775 1.01598 . ! t * 8 2 * 1.98373 . 0 * 9 9 * . 0 * 8 5 1 
•00&00 . 9 6 8 * 6 1.01553 . n * 7 l 7 1.98*10 . 0 * 8 7 1 •0*75S 
.0061)0 .96916 1.01529 . 0 * 6 1 * 1 .98 * *5 .0 *760 . 0 *65o 
.01700 .96953 1 .01*96 . 0 * 5 1 * 1,9B*79 , 0465* ,0»5»S 
.oiaoo .97o»8 1 . 0 1 * 6 * . 0 * * 1 7 1.98512 . 0 * 5 5 1 . 0 * * 5 0 
.00900 .97110 1 .01*33 . 0 * 3 2 3 1 .9B5** . 0 * * 5 2 . 0 * 3 5 5 
.o'ooo . 97171 1 . 0 1 * ) 3 . 0 * 2 3 2 1.98575 . 0 * 3 5 5 .0*26.1 
.00100 .97230 1 .0137* . 0 * 1 * * 1 .98605 . 0 * 2 6 2 . 0 * 1 7 3 
.09200 ,97?3B 1 ,013*6 . 0 * 0 5 9 1 . 9 8 * 3 * . 0 * 1 7 2 . 0 * 0 9 7 
.09300 . 9 7 3 * 3 1.01319 .03976 1.98662 , 0 * 0 8 * . 0 * 0 0 3 
. 0 9 * 0 0 .97397 1.01292 . 0 3895 1.98689 . 0 * 0 0 0 .03921 
. 0 ) 5 0 0 . 9 7 * * 9 1.01257 .03817 1.98716 .03917 . 0 3 8 * 2 
.09600 .97500 1 .012*2 . 0 3 7 * 2 1 .987*2 .03838 . 0 3 7 6 1 
.09700 . 9 7 5 * 9 1 .01217 .13658 1,98766 .03760 .03691 
.09800 .97597 1 . 0 1 1 9 * .03597 1.98791 .03685 .03619 
.09900 . 9 7 6 * 3 l . O l l ' l .03527 1 . 9 8 8 1 * .03613 ,035*P 
.10000 .97699 1.(111*9 . 03 *6o 1.98837 . 0 3 5 * 2 , 0 3 * 9 n 
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)5 Cs( AP»RT HF18 im*4KlV 

HAK(Z»« . 9 * 2 0 0 »/»«<*! > . 9 * 0 0 0 

TEMP m * HI 91)1 « ( 91}) or * r »*JST80»Y *««isr*3p 

•dQlOO 
.U|)200 

.01035 

. 0 * 0 * 5 
l . ? » » J » 
l .?»«50 

1 . ) » * C * 1 .32915 1 * . 6 0 3 * 1 
l?.77»5o 

1.75959 
1.72*3,) 

•dQlOO 
.U|)200 

.01035 

. 0 * 0 * 5 
l . ? » » J » 
l .?»«50 l . | S * H 1 . 3 3 * * 5 

1 * . 6 0 3 * 1 
l?.77»5o 

1.75959 
1.72*3,) 

.0p?00 . 1 2 1 * 4 1 .2*770 1 .12*17 1 . 3 * 9 2 * 9 . 2 * 6 » * l . 6 » * » 8 

. 0 * * 0 0 . 1 6 3 * 7 1.2»»SB 1 .081*1 1.40954 6 . 5 * * 5 * l . 5 3 * 7 o 

. 0 8 * 0 0 
••5*00 

. 2 1 0 * * 1 . 2 * 2 3 * l.OJl'O l.4S?*3 * . * 0 2 » * 1 .420*4 . 0 8 * 0 0 
••5*00 .25723 1 .21*12 ,910ft* 1,4*535 3.81320 1 ,311*1 
.o j 'yo . 3 0 2 * * 1 . 2 I 2 H , » 3 * * 7 1.535*5 3 .07*00 1 .211*8 
.o»'o» . 3 * 5 * 5 l . Z i 7 ) l .•*!** 1.57?** 2 .55203 1,12127 
,o**o» 
•oitoo 

, 3 * 5 7 * l . 2? t i *0 ,*3*7o l . *0*£* 2 . 1 * 3 * 1 1 . 0 3 * 2 * ,o**o» 
•oitoo . • 2 3 * » 1 . 2 1 1 * * ,7i«00 I .*36*6 1 . 8 * * 5 1 . 4 *521 
.01100 .45850 1 . 2 1 * 1 * .7*75* l . * * *72 1 . 4 3 0 I * 

1 . * 3 * * « 
. 8 * * 1 ? 

•0120O . • • 1 * 3 l . l ' * * * .7073* 1,t*9*2 
1 . 4 3 0 I * 
1 . * 3 * * « .8372? 

,oi?oo . 5 2 1 5 * 
. 5 4 * 7 * 

1 . 1 * » » * . t**3S 1.7l?S2 1 . 2 ( 3 3 2 . 7 *17? 
. 0 1 * 0 0 

. 5 2 1 5 * 

. 5 4 * 7 * 1 . 1 * * 2 7 ,*33*7 1 .7330* 1.15220 . 7 3 1 } * 
. • 1 3 0 * .57633 1 . 1 7 5 * * .5** *3 1 . 7 5 1 * * 1 . 0 * 0 * 7 , 6 » * S 1 
. H * I O ,*0O»3 1 . 1 * 8 1 * .5*77* 1 . 7 * 8 * 1 , * * 5 5 * • * * 2 9 2 
.01700 . * 2 3 U 1.1 i d 1 * .53*72 1 . 7 * 4 0 1 . 1 * 2 * 3 .60213 
. • 1 * 0 0 , * 4 * 2 « 1 . 1 5 5 7 * . 5 9 * * * 1 .79*05 , 7 * 0 7 7 .5S67,; 
. 0 1 * 0 0 . * » 3 » 7 1 .1»*»» ,»»2»2 l . * l . * 7 .72732 .53336 
.02000 . * * ? 3 3 1 .1»«2» . • 5 7 * 6 l . * 2 ? * l . 6 7 1 1 * .59233 
.02100 . * » » * 3 1 .133 *5 . * 3 * 5 l 1 .8333* .62123 . 4 7 * 0 0 
.02200 . 7 1 * 3 * 1.1 > 7 M . • 1 2 * * 1 .0*327 . 5 7 * 5 * . 4 * 7 5 6 
. 0 2 3 f t . 7 3 0 2 * 1 .1 » J » . 3 * 1 * 0 l . * 5 ? 3 » . 5 3 * 5 0 .42392 
. 0 2 * 0 0 . 7 * * 2 o 1 . 1 I 6 5 T . 3 7 2 3 * 1 . 8 6 , 7 7 . 5 * * 3 7 . 4 3 * 2 * 
. 0 2 * 0 0 . 7 5 7 1 * 1 .11133 . 3 5 * U l . » » 8 5 2 . 6 * 7 7 * • 37 *96 
. 0 2 * 0 0 . 7 0 * 3 * 1.11635 .33701 1.87«,*« .43*( i4 . 3 3 * 3 4 
• • 2 7 * 0 .70071 i . m t t . 3 2 * * 1 1 . 9 ( 2 3 3 . 4 1 1 0 * . 3 * 0 * P 
. 0 2 * 0 0 . 7 * 1 3 * l . i iJTl* . 3 0 * 7 9 1 . * • « » • . 3 * * * 2 .32358 
. 0 2 * 0 0 • ! » 1 > 1 i .8*e»{ .2 *151 ! 

• 2 7 * T J 
l . * » 4 2 j . 3 * 3 * * .33757 

. 2 * 2 * 4 •03000 . * 1 0 « ! . ? ' • * » 
.2 *151 ! 
• 2 7 * T J l .«»**2 .34321 

.33757 

. 2 * 2 * 4 
. 03100 . • l » » l 1 . 0 * 5 } * . 2 * * * * l .»***7 .32421 . 2 7 * * 8 
.03210 . • 2 7 * 3 1 . B J 1 * * . 2 5 3 * 3 1 . * * * * * . 3 0 * * * . 2 * * * 2 
.03300 . • 3 5 3 * 1 . J 7 1 1 * 

l . A 7 * M 
. 2 * * * * 1.V133* •2*1*3 

. 2 7 * 5 7 
. 2 * 3 * 8 

. 0 3 * 0 0 . « * ? * ! 
1 . J 7 1 1 * 
l . A 7 * M , 2 « 2 » 1,*1T*2 

•2*1*3 
. 2 7 * 5 7 , 2 » 2 2 -

. 0 3 * 0 0 • • * 9 * * 1 .07175 .22211 1.V2119 . 2 * 1 7 2 .23143 

. 0 3 * 0 0 .15517 !.«>•*• . 2 1 2 * * l.»2*T2 . 2 * * * * .£213? 

.03700 . * * 1 » 2 
. • * 7 * 3 

1 .0* *U ,2!>*1» l . *2(03 . 2 3 * * 0 .21131 
. 0 3 * 0 0 

. * * 1 » 2 

. • * 7 * 3 l . n * * » . 1 * * * 7 l . » 3 U * . 2 2 5 7 * . 2 ) 2 * 6 
. 0 3 * 0 0 • • 7 3 0 2 l . o * ) ; * , l * » i ? 1 . 9 3 * 0 * . 2 1 * 3 7 . 1 » * » 3 
. 0 * 0 0 0 . • 7 8 1 1 l.jS»rO . 1 M 5 * t . * 3 *a i . 2 n * » * . 1 * 6 * * 
. 0 * 1 0 0 . • • 2 * 1 l .»S** * .1735T l.»3»3» , 1 « * M , 1 7 * » 9 
. 0 * 2 0 0 • • 0 7 * * 1 , *»37 . 1 * * * 2 1 , * * 1 * 3 . i M 6 « .171*? 
. 0 * 3 0 0 , ; * i 7 » 1.65237 . 1 * 0 * 2 1.94413 . 1 * 9 1 ! . 1 * 5 2 3 
. 0 * * 0 0 , » * S I 3 l .»M»»7 . 1 3 4 * 4 1.94630 . 1 7 2 * 2 . 1 5 * » 1 
. 0 * 5 0 0 
. 0 * * 0 0 

. • M M 
. * 0 3 3 5 

l . t **&7 l.S»*»S . 1 * 3 * 0 
1 . 9 4 * 3 * 
1.95030 

. 1 * * 5 * 

. i 5 i»« 
. 1 5 2 * ? 
. 1 * 7 2 * 

.otjoo • * 0 6 I 2 1.0**31 
1.0**7* 

. 1 3 * * * l . * 5 ? 1 4 
l . * 5 3 * * 

.15272 . 1 * 1 * 8 
. 0 * * 0 0 • * 1 * 1 2 

1.0**31 
1.0**7* . 1 3 3 * 3 

l . * 5 ? 1 4 
l . * 5 3 * * . 1 4 M 3 . 1 3 * 7 9 

• 0 * * 0 0 . 9 1 3 2 * l.»»227 • 1 2 * 0 1 1 .9*553 .14127 •131*5 
.05000 . 9 1 6 2 * 1.0*05* . 1 2 * 6 ? 1.95710 . 1 3 * 0 1 .12738 
.05100 . 9 1 9 0 * 1.03*51 . 1 2 * * 3 1.V5SS9 .13104 . 1 2 2 * 8 
.05200 , » 2 1 7 * 1.03*23 . 1 1 * * 5 1,»*<>09 . 1 2 * 3 3 . 1 1 * 3 ? 



•05300 . 9 ? * 3 5 \:nm .11265 
.13902 

1.4613b .12186 
.1176J 

. 1 1 * 9 7 
.03*00 .9Z<.31 \:nm .11265 

.13902 1.96763 
.12186 
.1176J .11139 

.05500 . 9 2 4 I S 1 .03*71 .13556 1.96.18S .11361 • l075ll 

.05600 .9313d 1.01353 , n 2 » 5 1.96832 • K 9 7 9 . 1 3 * 3 7 

.UiJUO .93352 1 . 0 l 2 b l .01909 1 . 9 6 M 3 .10615 . 1 0 0 * 0 
, tH««0 .93556 l . ( i l l » 3 .196&7 1.95719 .10269 ,0»75« 
•05?00 . 9 3 7 * 1 i . o i » 6 « .13318 I . 9 6821! . 0 9 9 * 0 . 0 3 * 6 9 
.46000 .93937 l . f l»979 . 0 3 0 * 2 1.96916 .09625 . 0 ) 1 * 1 
. 0 * 1 0 0 . 9 » | 1 6 l .0?H»3 . 1 * 7 7 7 1.97009 .09326 , o * 9 i n 
. 0 * 2 3 0 . 9 * 2 * 7 t .O 'H IO . 0 4 * 2 3 l .97o?7 . 0 9 0 * 0 , 0 * 6 * 9 
.04300 . 9 * * 5 1 l . f l > * U . 0 * 2 0 0 1.97182 .08766 . 0 * 3 3 8 
. 0 * * 0 0 . 9 * 6 ] * l . 0 » * 5 S . 0 * 0 * 7 1.97;>63 .OBboS . • 9 1 5 8 
. 0 * 3 0 0 . 9 * 7 5 9 1 . 9 ' S J e .1)7023 1 .971*1 . 0 * 2 5 5 , i '79>8 
. 0 * 6 0 0 . 9 * 9 3 * 1.0J512 . 1 7 6 ) 8 1 .97*15 . 0 » 0 I 6 .1,7707 
.0*7(10 .93o»3 1 . !)»*** . 0 7 * 3 1 1 ,97*87 .07787 ,o7»?5 
•OiJOO .94176 l . ( i?379 .07233 1 .97*56 ^ 7 5 * 8 .0723? 
•oi'oo .933JS l . » » 3 l T .3701? 1.97621 :„7357 ,o7o»8 
•07000 . 9 3 * 2 8 l ,n>25T •1*8?8 1.97685 .07156 .0*9»M 
.07100 . 9 5 8 * 7 1.1»1»9 . 1 * 6 * 2 1 .977*6 . 0 * 9 6 2 . C * 7 j « 
. 0 / 2 0 0 . 9 5 6 * 1 1.0?1»3 . • l i * » 2 1 .9780* .06776 . 0 * 5 5 * 
.07310 .93771 1.0 ».'!*» . 1 * 3 1 8 1.97861 .06597 • <)6J*8 
• l ' 7 * i0 .93077 1.0>r>3l 0 * 1 * 0 1 .97915 . 0 * * 2 8 .C.6225 
.6753d .95979 1 ,01938 . 1 * 0 0 * l.97<)67 .06260 .05070 
. o 7 * 0 » . » 6 j 7 0 l . ( M » * 0 .- i 50*2 1 . 9 8 f l 8 .06101 • 0592ii 
. « 7 7 M .961?3 1 . 0 1 0 ) 3 .05720 1.9B166 . 0 * 9 * 8 .05776 
.1.70 J O . 9 6 ? i 5 l . » l » * » . 1 * 5 * * 1 .98113 . 05»3 t . 0 5 * 3 7 
. i i 7 » j * .96353 1 .11*35 . 0 5 * 5 ? 1.96158 . 0 5 * 5 * . 03531 
•0>«*0 . 9 6 * 38 1.(11 7*3 . 0 * 3 2 5 1.98202 .05522 . 0 5 3 7 1 
.00190 .96521 l . f t l ' 2 3 .05202 1 . 9 8 ? * * . 0 5 3 * 9 . 0 5 2 * 8 
.01200 . 9 6 6 ) 1 1.(116*6 . 0 5 0 * 3 1 .98J8* .05262 .05127 
• i l *3#0 . 9 6 6 7 * l . ( i ) 6 > t • 0 * * 6 8 1 .9832* . 0 * 1 3 9 .05010 
. 0 * * * * .96752 l . ( l l ( » j9 . 1 * 8 * 7 1.98362 .05020 . 0 * * 3 7 
.0»SfM . 9 6 0 2 * l . 0 t 5 7 * . 0 * 7 * 0 1 ,9*398 . 0 * 9 0 6 ,0»75R 
. 0 * 6 * 0 . 9 6 0 9 * 1 .019*0 

1 . 0 1 * 3 ' 
, n * 6 * 6 1 . 9 8 * 3 * . 0 * 7 9 5 . 0 * 6 * ? 

.u*7oG . ' 6 9 * 1 
1 .019*0 
1 . 0 1 * 3 ' . 1 * 5 * 5 1 . 9 * * 6 * . 0 * 6 * ' . ^ t S * ! ! 

. • M l * , 9 7 ; 2 T 1 . 0 1 * 7 * . 1 * * * 8 1.98501 . 0 * 5 * * . 0 * * 3 1 

. 0 1 * 0 0 .97o»« 1.(11**3 .«»353 1.98533 . 0 * * * * . 1 * 3 3 5 

.0»»»# . 9 7 1 * 2 l . u l * 1 3 . 0 * 2 * 2 i . 9 8 * 6 5 . 0 * 3 8 7 ,n*29? 

. 0 * 1 0 0 .97211 1 . 9 1 3 * * . 3 * 1 7 3 1.98595 . 0 * 2 9 3 . 0 *20? 

. 0 ) 2 0 0 . 9 7 2 * 9 1.B1355 . 0 * 0 * 7 1 .9862* . 0 * 2 0 2 . 0 * 1 1 8 
•09310 .97325 1 . 0 1 1 J * • 0 * 0 0 3 1.98652 . 0 * 1 1 3 . 0 * 0 3 1 
• »»*08 .97379 1 . 0 ( 3 3 1 .43922 1 . 9 8 * * 0 ,0»C?8 . 0 1 9 * 9 
. 0 « » * . 9 7 * 3 1 1.91275 • 0 3 8 * * 1 .9*707 . 0 3 9 * 5 .C3J59 
. O H I O . 9 7 * * 2 1.A1Z30 .01768 1 .98733 .03865 .0 373? 
. 0 * 7 0 0 .97532 1.01226 , ) 3 6 » * 1.96758 .03797 .03717 
. 0 * * 1 0 . 9 7 5 * 0 1 .91232 .01622 1.98T82 .03712 . 0 3 6 * * 
. 0 ) 9 0 0 .97627 1.01179 .0155? 1 .QW06 .03638 . 0 3 * 7 1 
. 1 * 0 0 0 .97672 1.H1156 . 1 3 * 8 * 1 .98829 . 035 *7 .03508 



The input data for computation are: 

magnetic hyperfina splitting 

reoriantecion parameters 

mixi-vi ratio for E3/M2 

angulcr distribution 

parameter 

UH -8.68686 x 10" 1 8 erg 

U(k) 1. for k * 1,2,3,4 

FAR(6) 5.34522 

P(l,l) -0.6124 

F(l,2) 0.5345 

F(2,l) -0.38132 

F(2,2) -0.58248 

F(2,3) -0.22244 

P(3„" 0.5393 

F(3,2) -0.2746 

F(4,l) -0.17271 

F(4,2) 0.65953 

F(4,3) -0.10075 

G(l) 1.0000; 0.9990; 0.9970 

G(2) 0.992 ; 0.9852; 0.9725 

G(3) 0.9900; 0.9680; 0.9420 

G(4) 0.9800; 0.9512; 0.9110 

The parity mixing ratio is varied from 0.01 to 0.085 in 0.0025 step for 

G(l) - 1. and from 0.010 to 0.080 in 0.0020 step for GUI = 0.9990 and 

'.'.9970. All the U. are equal to 1., because the 501 keV transition is 

coming out directly from the polarized 8- isomeric state. 

Only one geometry, i.e., G(l) * 1. and e - -0.0325 is presented 

in the following pages as an example. 

solid angle correction 
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F M ' f i W AMSTIINPUT.rUITiniT ) 
RIMEfF-ICM Y(3J 
DIMtNS'PN PAP.I10),OP/P|10> 
B'VetlSim. (J<4>, A 14, 3 ) 
( <]MMrtt /PAFlN/UfStAfMHi lUt . 

9 f W A T J J . H l , IPX, 20HPARITV WAXINr. P/,T IP* , F 10 . B / / / / I 
100 rnHS'AT(8F10.SI 
101 Ff 'RMAr(4Fll) .S) 
1*2 H ' l » f A l J F i r . J , l - 2 3 . 1 0 » 

PAMl i « r ; ( i i SHLIO ANGLE (.{.PRECTTPN I N E F F I C I E N T 
P A P ( 2 t « r ( 2 l SIU1I) ANRIE I.LOPFl.TION COEFFICIENT 
P.'.P«JI«C<3I SnLTO ANGLE CUIRElT i rN C U F F R , IENT 
P ; » i * | i B | 4 l SOLID ANCLE L U I K t a l O N CaEfFl t tENT 
P/,R<il»A(TO AIT1V1TY AT TIME 0 
PAR(fc)»RATIL MIXING. RAT1C I'F r.AMMA KAV ONE IPPKINP AT 
P fR IT I 'HL HALF L I Fh OF ISPMEMI. ST/iTE IN H1URS 
PAMttl-TE^P INIT IAL TtMPERATIIPt AFTER DEMAI3NET IZAT IPN 
PfKttl'fU'P ^A^E OF TEMPERATURE I'AISE AFTEP OE"ACNFT I iAT'UN 
PAP(10)«BAl.K 

F1 IL ,1 ' )«F1LPEFF. OF CAMKA PAV L AND L» 
. M l . l l ' F l l l . l ) , A J 1 , 2 I » F 1 ( 1 , 2 » , A I 1 , 3 I « F I ( 2 , 2 » 
A I 2 » 1 I * F 2 ( 1 , 1 1 , A ( 2 , 2 ) - F 2 ( l , 2 > , A ( 2 , 31-F2 ( 2 , 2 I 
A ( 3 , 1 ) * F 3 J 1 , 1 I , A < J , 2 ) * . F 3 ( 1 , 2 > , A ( 3 , 3 I - F 3 I 2 , Z I 
A K i l l ' F A I M l ! A t 4 , 2 l - F 4 ( l , 2 ) , A ( 4 , 3 J ' F 4 ( 2 , 2 ) 

i r FrRMAT ( F i r . S ) 
11 FPPMATJ10Xi«9HT£*IP IN K hllf iOO) H< OD) Ml 9 0 D AH 

12X.9H.»<iYf"«ETkV t3X,'JHAHrSTli(ipY//l 
12 FCRf/ .TdOXif 1 0 . 5 , F 1 0 . 5 , F 1 0 . 5 , F 1 0 . 5 , F 1 0 . 5 , F 1 0 . 5 . F 1 0 . 5 ) 

J * - l 
x=n.r 
M-AD 1 0 1 , 111(11,1*1.41 
RFAO 102t S,UH 
FEAO i n n , ( ( / ( ! , . i t , j - i , 3 1 , i « i t 4 1 
P 6 M 2 1*0 .992 
M M " i l « ' . 1 8 
PAR<5>*1.0 
PAP.(6)«S.34!(22 
P A F I 7 I > 5 . S 
P A R ( 9 ) - 0 . 0 
PAR ( 1 " 1*0.0 
PFAO 10, TI 
PX*0 .02 
Of W K * l , 3 l 
R !»FLr iAT |V t - l . 
P«RI1 ) *PX*0 .0CS*BI 
PAPJ3)*0 .99»P/ iR<I I 
E«PAP(1) *0 .5 
PRINT 9,E 
PP1NT 11 
OH 1 1 - 1 , 1 0 0 
A1-F10ATI1 1 - 1 . 
P f . P I 8 ) * T I » A I » 0 . 0 0 1 
00 2 I 0 E « 1 , 3 
t t l L THFPFYIJ,X,PAR,VI IUEI ,OPAR) 

http://fWATJJ.Hl
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2 CONTINUE 
A Y » < Y « 3 W I 1 ) > * 0 . 5 
D Y « I Y ( 3 I - Y ( 1 » I / A Y 
/ I N « ( Y ( 2 ) - Y ( l l » / A Y 
r P l N ' 1 2 f P / . M 8 ) i Y ( 3 l , Y t l l i Y t 2 l , A Y , D Y | / 

I CONTINUE 
<W<> ICINTINUE 

ENO 



SI It I • < i l ] , ' l l l l l 1 r VI. I , « , " . ' . l »»-»!>•"-." ) 
' f . l I ',?,! 1 
M n ^ S l ' l I ' lC i l , l ' 2 ( ' i l , I J ( ' i l , ' 1 ( ' i ) 
P. '" l -I" H A !•/.,» ( I J I f lll'Af ( 1 0 ) 
ll:«'l »'.!f'k: /. H ) f l ' l 4 J | A <*,;•!) 
i •«««• f / i > , ' n \ / ( i , i , , . , u i ! , r , ) L 

i1 u i i ir t»(i-s(i ut — 11*9<: 
i ' 2Cnr i«0 . ! i < (4 * l< . f « ; < C*i>c-l |-*->011*-»-2- I . I 
».:.(!Ul. I'U. 'J1(p.» (I. 'S((N-l ) 'V0))**3-J'( . i 5 ( ' ! - l )")0 
f^iin* i«o. i2«.*i3i>.*(( ("S((t . - i i* ' ) i )n**' i - j ' t ( ( • ' • ( ( • - n * , ! ( ; i i * ' i 2 t j ) 

p 1 (11 * 1. 
I 'MZI-' . 
I' 1 I 3 I ' - 1 . 
I 1 U I ' ' . 
p 2 III «• 1. 
" i ! l / ) » -0 .S 
P2I3I '1 . 
I'SUI —0.'> 
P3(1IM.. 
• ' • 5 l ? l » C . 
P 3 I 3 M - 1 . 
P3( '«)«~. 
' ' . ( 1 1 = 1 . 
l"i(2)-^3.37!> 
» M 3 ) ™ 1 . 
l>4(4l>-0. )7i> 
r . ( i i=ivt u i 
f. I 2»"•'*#%» C ? I 
r.<i»r.r,»R 13) 
f .Hl« IV.c U | 
f t 10=''AC (5( 
IATI I ^PA'--(6) 
HI •.!•;,••( 71 
I fMpi l ' fc . CBI 
SI 'iP^rAf (<}) 
n'.(.k = P/P ( 1 0 1 
a » ( M l . l l i l . » f S H ( - « , M l , i l t l /.i M « * 2 * A t l , 3 ) ) / ( 1 . •"AT ! n * « J ) 

- "HI 1 II t v n d i v i o t HV 1 

A 2 « I M ? |1 )>2>*I ; . T l n * A ( 2 , 2 ) H - / . T l n « * 2 * A ( 2 , 3 l l / ( l . « r . A T l ( ' * * 2 1 
' J « ( A ( 3 , l ) » l . * ' fT lr tA<3 ,? )H>fT!r>**2*A< J , 3 l l / ( 1 . •PAT! r*»?) 

~ -vm; in v :iF M V I O E BY I 

M « ( M ( , l l » 2 . « t t 1 l " * / . M , 2 l * t . A T I " * * 2 » A U t 3 > l / t l . » » / i v n » « 2 l 
" F T A ^ 1 . / U 3 S . C * I I - M P * S » 
I'FV. l = " f " . / ( l . « - S L O P * X I 
H=MJH«KFm 
I . U S u " T ( 3 . / ( ( S * l . l * S ) l 
( . 2 » 3 . , - 5 . T , T C 5 . / l S * ( < . * l . l * < 2 . - « S - l . . » M 2 . * S > 3 . l » J 
< 3 ' 5 . ' S C f ' T ( 7 . / ( ( S t 2 . > ' - ( 2 . * i » 3 . l * I S t l . l * S « l ^ * S - l , l * l ' - l . l ) l 
F 1 = 1 . 
( * • > . * < - ' , . 

0<" 1 1 » l , l 
F U F 1 M 

1 (.''•Mtl"llt 
- 'S ij'-.,r iwiF.»'t:n re' VHT'I OUT P/,"-FI. TIISIS I.KMIP LCFPECT 



L * 2 . * S * 5 . 
90 2 I ' J . L 
F2«F2»I 

2 COMiTINJE 
IS 0 « S U t E t F ^ 03 M T H OJT P » R E N T H S | $ 3B0UP COHSiCT 

I F I S - 2 . 1 3 . 3 . * 
« C««SaRT(( ? i » S « l . l « F I / r ? | 

90 TO 5 
3 C M U . 
5 SO'O. 

S l ' O . 
SZ«0. 
S3>0. 
s««o. 
S5«V. 
S11«0. 
S 2 l » 0 . 
S 3 l « 0 . 
S * l « 0 . 
S 5 l « 0 . 
M L « e . » S * l . 
O n 6 K ' l . N . I 
«M«K- I . -S ' 
Ex«EKP(-«M»SH 
5u>S0*EX 
Sl«61»»M»E< 
S2«S2«»M.•?••:»( 
S 3 « S 3 « » m « m K 
S*«S**»H»»»»-:K 
S5«S5.»Mt»5»iK 

SU"S11*»M<. 
S21«S21*»M»»1K 
S3I»S3U»MS»»»«>M 
S*l«S*l»»M»»3.»»>lX 
S51"S51»*M»»>»»HX 

6 CoWINJC 
B l « C l » S l / S i -
a 2 « C 2 « ( S » / 5 f - S » ( S » l . ) / 3 . ) 
a 3 » C 3 » ( S 3 / 5 f l » f l . 2 * ( » . » S » » 2 « 3 , » S - ] . » » S I / " ! 0 l 
3 » . C » » l z | 0 , » s » / S g - 3 o . » ( 6 , « s * » 2 . 6 , « S - 5 . ) » S 2 / S O « l » , » 5 » « ! . l . l » ( S » l . ) » 

LN2»«L0G<2.» 
L T « H L * 6 0 . / > » : 
T . K / L T 
E«iW»<-Tl 
F c » n . * * l » H ! f l i J I » j C l ) » P U I O E ) « 

1 A2»B?*3 ' I2 ) *U(2>»»?{ lDE>* 
2 »3»BJf3 ' I3 ) *U(3>»»3( lOE)« 

F»?t,»B»C<l • ' 
JF(J) J O . I I . 1 1 

U COWINjE 

OEW»*TI« 0 7IF' 



O P A H t l ) « » l » d l ' J ( l ) » D l r I p £ ) « A C T O « E 
DP»H(ZI«»?»d»ftJ(Z)«°2( lDa)»A:TC»£ 
3p»H(3 )«»3»S3 .»J (3 )»a3( I0£ )«A;T! , «t 
DP ».R(*>»l* iH»»J <*)•?»< IDS) "ACT 0 » | 
Dp»R(5 l« t1 ,»U»3J«- ( l l»0 (Tl»» l ( I?e>« 

1 «»3Z»",(J)»U(?)*i>8(It)E)» 
Z «3«33*S(3 )»U(3>«3 'JDtu 
A A » » 3 * » S ( * ) » U U ) * » * M 0 E > ) » F 

D A I « Z . » ( . R l . T I O » A i l , ) ) » l ] . - « A n O * » Z ) » « U . ? ) » N A T I U » A n . l ) ) 
D / > J « 2 . » ( - R » T I 0 « A ( ? , l ) » < I . - H A t ! 0 * , 2 ) » 4 l ? . ? U H » T 1 0 » A ( ? o ) ) 
D A 3 * Z . » < . R i r j O » « < 3 . J > * < l . - R A T ! D * * Z ) » 4 ( 3 , J > * R » U J » A < 3 . T M 
D A t « Z . * ( . R « T S O * * ( * f l > « < l , . R A T I 3 * * Z ) o « U . Z ) » R A T I O * A < * o > ) 
D P » R ( M » l t m ' B ) » ( J ( l l » U ( l ) . P l ( ! D L ) « 

1 D l Z » 8 Z » B ( Z > » 0 < 2 U P 2 I I 3 £ > * 
3 D 1 3 » S 3 » 5 c ) » u i 3 ) . P 3 ( I D t ' ) « 
3 n » * * 8 A » l i < » ) » U U I » P * ( I D f » l « A C T 0 » E / ' ( l . « « r i 3 " ? l « * ? 

DP»Rt7l«(T/H. I»F<i 
C 3 r * : ' t Z » ( 3 , » $ » » Z « 3 , » S - l . » 
C* r*3(,.»(<i.»5»*Z»6.»S-5.> 
DBT«-fl/T£M>l 
OSOT»SU»0?(T ostr«sz:»tnT DsaT«s3i»o?(r 
9S3I«S*1»0?» 
DS»T«S5i 10=111 
DBlT*Cj» |S j»3BlT-S)»3SuT) /SC»»Z 
D B Z T « C 2 , ( S i ' , 3 6 Z i - S a * 3 S 0 T ) / S 0 " ? 
OEi3T«C3»((3()»Os31-s3»OS01)/S0»»?-C3F»OBir/Cl) 
3 H » J « C A * » , . l 3 . » ( i o » ' ) S » t - ! . 4 » O s e T ) / S O » » - . C ^ F » 0 3 ? r / C , ) 
DPAK ( 8 ' «(Ai»-3811*6(1 ) * J (1) * H | ( IO t>» 

> A ? » 3 B ? T » 6 | ? » * J ( Z ) » P H ( I D £ ) » 

f A 3 » 3 S 3 f « 6 l 3 ) » J i 3 ) * P j ( I O t ) . 
A t » 0 8 » f * e ( * i * J •)*(»» ( i n £ ) » « A r t ( i » t 

OfiS«-B*X/S»' 
3S9S>SU»0 :I6 
3SJS«S21»D«S 
DS2S»S3lt0^6 
DS3S«S*1»D'6 
0SAS>S51»D46 
3B15»C1»(S1»:61S-S1»5SJS)/S0»»Z 
DtiZS*CZ»{Si»JS2S-S?«3S(iSl/Sli»*Z 
DB3S*C3»((5n»OS3S-S3»OSob)/So»*?-C3F»rniS/Cl) 
OH*S«C*»( ?13.»(jo»05«S-b4»DSv5KS!)»»?-C*F»CPdZS/3?) 
0PARI9)«(A1*3B)S*6(1)*J(1)»P) (lDl:-t» 
1 A>#3B2S#6»ZI»J(J)»PZ(IuE'>« 
Z A3»JB3S«G(1)»J{3)»P3(Irt)« 
3 A »» 5B«S»G(4I»J(*|»P«(Jot))»»C70»E 
DPAR(U)«1 . 

10 CO VII INJE 
RETURN 
EN 3' 
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P A » n v VAXl'-.'. <• • . '!'•= . 0 2 2 5 0 

IEMI> m K :<iaoni t< on) M 9onj ,*••! nSwau.Y AHISTTHV 

.1)1000 . 4 8 338 . 4 9 386 1.32369 .44fl'j<! - . 0 2 1 4 4 1.69(13^-

.01100 .50083 . 5 1 1 4 1 1.3" 566 .50615 - . ' 2 1 9 1 1.56 52'. 

.01200 . 5 1 8 8 1 .52547 1.2H867 .52414 - . '12J34 1 .4484 / 

.01:100 •5J707 .54778 1.27269 .5424 2 - . 0 1 9 7 5 1 .33^.3 

. ( " I M C .55530 .56612 1.25767 .56(171 - . 0 1 9 1 4 1.22326 

.01500 .57358 .58 430 1.24356 .47044 - . 0 1 8 5 3 1.13873 

. U 6 - > : .54144 .6i-219 1.21C32 .59684 - . 11.743 1.C«2'<1 

. 01700 .60902 • 61«,67 1.21740 .61434 - . 0 1 7 3 4 .97377 

.01800 .62605 .63664 1.20624 . 6 3 1 1 ' . - . 0 1 6 7 7 .9C22'. 
• a w .64253 .65304 1.19531 . 64778 - . 0 1 6 2 2 .83712 
.02000 .65(141 . 66 882 1.18506 . 6 6 3 6 1 - . 0 1 5 7 0 .77793 
.02100 .67365 .68146 1.17545 .6788 1 - . H S 1 4 .7?4i '6 
.02200 .6(1824 .69844 1.16645 .64334 - . 0 1 4 7 1 .67501 
. 0 2 ) 0 0 .70217 . 71225 1.15800 . 7 0 7 2 1 - . 0 1 4 2 5 .6JC3C 
. : 2 4 " " .71545 . 7 2 540 1.15004 .72043 - . 0 1 3 8 1 .56149 
.02500 .72804 . 7 3 7 9 1 1.14266 .7330C - . 0 1 3 3 4 .55,?14 
.0260C .74010 .74478 1.13570 .74494 - . ;i3-i<. . 5 1 6 - 5 
.02700 . 7 5 1 5 0 .76 104 1.12916 .75627 - . 0 1 2 6 2 .48676 
.o<>80o . 76231 .77 172 1.12303 .76 701 - . 0 1 2 2 6 .458C3 
. 0 2 9 0 1 .77256 .78183 1.11727 .77719 - . 0 1 1 9 2 . 43161 
.03000 . 7 8 2 2 * . 74140 1.11186 .78684 - . 0 1 1 5 9 •4072R 
.03100 .74149 .80046 1.10678 .79597 - . ' 1 1 2 8 .38484 
.03200 .80014 .80<;03 1.10199 . 80461 - . 0 1 0 9 4 •3641C 
.03300 .83845 .81715 1.09749 .81280 - . C 1 0 7 0 .34491 
• ;3v:o .81627 . i i2483 1 .1932* .82055 - . : 1 '43 .32713 
.03500 .82367 . 83210 l . 09927 .82794 - . 0 1 0 1 8 .3106- ' 
•a jhoo .83069 .83898 l . 08550 .83484 - . 0 0 4 4 3 .255?C 
. '37 I .C .83734 .84 550 1.08196 .84142 - . 0 0 4 6 4 .26102 
.03800 .64365 . 85167 l . 0 7 8 6 1 .84766 - . 0 0 9 4 7 . 26772 
•0313C .84963 .85752 1.H7544 •8535S - . ' 1 4 2 5 •2?5?C 
.04000 .85530 .96307 1.07245 .85919 - . 0 0 4 0 5 .24369 
.04100 .86068 .86033 1.06962 . 86451 - . 0 0 8 8 5 .23284 
.••line . 86580 .87333 1.C6694 .86456 -.110866 • 2 2 2 * f 
. 04300 .87065 .87e06 1.06441 •8T436 - . 0 0 8 4 8 . 2 1 3 1 2 
•C447C .87527 .88257 l . , 6 2 0 1 .37892 - . . '?83< . J ' « l f 
.04500 .87966 .98684 1.05973 .88325 - . 0 0 8 1 3 .19574 
.04600 .88384 .84C91 1.05756 .88737 - . 0 0 7 4 7 . 18781 
. ' 4 7 0 ? .118731 .89478 1.05551 .89130 - . 0 0 7 8 1 .11034 
.04800 .84160 .84(146 1.05356 . 89503 - . 0 0 7 6 6 .173^5 
.04900 . 84521 .90197 1.1517C .89859 -.•".-752 . 1 6 6 f 4 
.05000 .89865 .90531 1.04994 .90198 - . 0 0 7 3 8 .16015 
.05100 .90193 .90849 1.14826 . 90521 - . 0 0 7 2 4 •1544C 
.:'52f>!5 • 5:-5C7 .91153 1 . . (666 .40830 - .1)0711 . I 4 C 7 7 
.05300 .90806 .41442 1.0 513 .91124 - . 0 0 6 4 9 .14344 
.05400 . 9 1 : 9 1 .91719 l . r 4 ' 6 8 .414r"i - , : : 16»7 .12636 
.05500 .91365 .91583 1 .04 i29 .91674 - . 0 0 6 7 5 .13357 
.05600 .91626 .92 236 1.04096 . 41931 - . 0 0 6 6 3 .129C1 
.1.5/nC .91876 .92477 l.r-3969 .92177 - . 0 0 6 5 2 .12467 
.05800' .92115 .92708 1.03848 .92412 - . 0 0 6 4 2 •12C54 
.05900 .92345 .92930 1. '"J3732 .4263 7 - , ' ' . • 6 3 1 • l l t M 
.1)6000 .92564 . 9 3 1 4 1 1.03621 .42853 - . 0 0 6 2 1 •112H6 
.06100 .92775 .93344 1.03515 .43060 - . 0 0 6 1 2 .IC52<: 
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APPENDIX III 

ANISOTROPY OF GAMMA DECAY PROM 6°Co(Fe) 

"Co(Pel is the most commonly used nuclear thermometry in low 

temperatures. The validity of its thermodynamic temperature scales have 

been investigated by Frankel et al.. The purpose of this calculation is 

provided for point by point comparison of the external temperatures, 

Co(Fe), to the internal temperatures, 444 keV gamma transition from Hf. 

The input data are listed as followsi 

UH 5.4547 x i o " 1 8 erg 

PAR<7) 46077.6 hours 

U(2) 0.93937 

U(4) 0.79772 

F(2,l) -0.44772 

F(4,l) -0.30438 

G(2) 0.990; 0.9855; 0.9537 

G(4) 0.960) 0.9522; 0.6518 

The results with the list of FORTRAN program except the subroutine 

Theory which is exactly the same as subroutine Theory used in Appendix II 

arc presented in the following pages. 

magnetic hyperfina splitting 

half life 

reorientation parameter 

angular distribution 
parameter 

solid angle correction 

*R. B. Frankel, D. A. Shirley, and N. J. Stone, "The Cerium Magnesium 
Nitrate Temperature Scale From Nuclear Orientation", UCRL-I6012, April 
1965. 



- 9 8 -

i'UJGHAI AALir'„(rit'UT.DUrPjT> . . 

i ! !E.i!il<VM. '< J) 
.IT lF.\S10+ > H . ( I . J i l » « l | . ' i 
I) I. it-'ISlfl Hi- -U *» • * lJH q) 
El) W5u/pin| \ ! /J«S»A.J- («T| ls 

I Fo<U'iTlFL9.S.I 
II Fn^l«TUix.»:)HT?Mf> IM < * ( j n l << <)fiO> DY A« 

l2x i9-uL*l iT<tx»t f i2* i io -ww. i ! iTRuB.Yl / /> . 
1? F n - t , M R l t i ; y , F | D . ? l F 1 i . 5 , F I . 5 r j - . S . F I n . S . F I " , 5 , F | p . S j 
, 3 r n V . < i T ( / / / < \ » i . i H P « « « g > . , r , ^ . b . B X t i r ^ P * ' ! * ) = • f l ' . ' W t 
l« F|W«4uT(4tf-> 
if. * o X . « n . T < l n . l i « i * « l » > 

I ' l S-fi*Mir(t).-(l i . J J 
1.1 Fu 'H 'T l l - i i.s» 
1 ? F(>WI/.T«FI«.9,F2 . 1 ; > 
I ->3 F i ^ « * ' r < 5 < . ' l M ' • * • F » * S * Ifi THEOtV) 

J - - 1 
K S - : . -
»FOO K l , ( H I ) . I « f , H 
REAO t „ 2 t 5»JH 
3f sr- U P . ( ( » ( I « J ) , J » 1 . , ) , i « ; . 4 ) 

. ?V*<>) • ' . : . * 
s.»?(j )«i : , i ) 

" i ' l b ) * ' . ' ' 
3 A 3 i 7 > * * v 7 7 . % 

»F »0 , [ t T I 

2M1) U , xJ>i 
•*t*.tf. ? * ? A * ' < : » . ? » " / < > j _ 

: > I < 1 U 

M « F i » l ' * T n l - l . 

»*'*(!• ) « f f » < I » t .O«J 

? C<:*rifrJE 

5>«N i : > ! - * ( , I 

•V «i>v/y < 1 > 
'•' i « . * i w / » » 
S f l ' l l ' ; > . ' ( W < .1 t Y M I • * ( , > > t U Y » » Y t A 1 « H » 1 
•sr r:« 9 9 J 

< i " ?i<JM IC3 
-i> ii ittr.n: 



-a j v i C - t - i i ' A i y M * < > — 

H » . * i ? ) ' . ? 5 3 7 ' : ' A R - i t l * . 9 5 1 9 c 

Tt'".P IM 1 '01 H 1 0 ' )'l 4 M I T S 7 W Y » M I S T * 3 0 0 

j ; k j 
• J- 2-i.* 
. J . , , ^ . ' . 
, ! , " * K J 
..3,-Bd.' 
. ^ 6 . ' . 
. . J ; ' * -
. .1 3 , 1 . 

• J . i J -. i i r ' j " 
l i l i f 
, , U 2 i : J 
. f T 3 U _• 
. u l i i i ' -
. i i ^ -
.«!*'..• 
. ( • • P f 
. • - I f f 

;{**'>•.' 
I"2. Uo 
. . ' I d * 
..'S!2I).-
. • ? 3 C 
. ; > * , . . 
, t j s . •• 

. - . ' T o . 

,«?«! • 

. ! 3 2 , . 

. f-a:**.-
.-. l i t -
. - 3 S ; . 
. ' 30S-. 

. ' ! « . > • 

• •.-J?*-' • 
. " * l 0> 
. J t l .' 
. »?. J . 
.:<<V: 
. • 44 . ' ' 
... *&;.•. 

. « 7 5 72 

...mas.. 
. . . ' . ' b i l l 
. ? 7 J l f i . 
. J J I ' J H 

. ' • • • : J S " . . 

. b 4 5 7 b 

. • • > ? ; ' ^ 
, l ' 5 ? 4 7 
. 0 - J : » r 
. 7 <>?*, 
, 7 2 ' ' = b 
, 7 3 , 2 * . 

.'•>•" l i * 

. ' 3 7 4 7 

, * 4 9 ? 9 
, f .? i ;?H 
. " 6 7 4 6 
.1 7541 
, l " J ? 7 l 

, f c W 5 9 

. l " f . 5 f r 

. ^ U ' t 3 

. ' . P 14 

. 9 2 4 ;,4 

."2Z5 7 

. • J i ivs 

, ' O M 7 
. ' 3 9 ' 3 
, 4'»-»jv 
, *> - . -H5 
, V W ? 4 
, ' ) 4 i H 3 
. 9 S l » i 

,''V-I<? 
."it-** 

1.21835 l.?i8?B 
1 ^.iilS 
l . ? ' . 2 7 2 

. 1 . . ? ' » ? ! 
1 . ?»'%•' 
1 .2" '.Jo 

. i . i 'M i i 
1 , 1 * V i < ! 

JL . 17-1 =0 
l . l i < > 7 2 
1 . 1 * " ".5 
i . i ' » * r 

. 1 . 1 3" 31 
1 , 1 ' 1 7'I 
1 . 1 . 3 5 3 
1 . 1 i W 7 
l . o ' B J O 
1 . ' " j , * 
I . i > h i 4 

1 , \ 7 M « 
1 . .'• 71 56 
l , S s » 3 8 
l . » * 9 3 3 
l , - ' ' i 9 7 6 
l , . i « 6 i l 
l . ; - 3 3 2 
l , i « - 4 8 
1 . o i T ? U 
l .} '<5?3 
l . f * - 3 : « 
l . i * - » 1 
I , i 3 " f 9 
l , n 1 7 'b 
J . i - 3 5 3 5 
1 . " ' 1 7 3 
l , i » ? » 8 
l . i ^ 3d 
l . i ™ » S 
l . ' . » « D 3 
l . ? ? 7 J 6 
l . ' - ' 5 * 5 
1 . ~ » * H 
] . i > 3 > 3 
) . " » J ' 1 
1 . ' " " I S 
l . r ' l 3 1 

i . ^ s e 
1 . i l -)7«. 

1 . 1 7 3 6 , 3 
1 . 1 3 6 1 7 

. 1 . 1 0 5 5 S . . 
1 , n 7 ' i o 
. . ^ 3 ? 3 

. 5 1 9 3 6 

. 7 ? * i f , 

, 6 1 7 6 * 
, S . ' 6 3 o 
.34«>l<i 
, « 9 7 5 f , 

. '•. 'Si 16 

. 3 3 2 1 4 

. 3 5 3 " ; 
, 3 3 7 ' M 
. 3 ! 3 ' f > 

. ? ? 1 7 ? 
• ? ! ' ?7? 

, -??? '7 
, » 1 « 5 ? 
. ! « » ? 
. 1 ? « 3 5 
. 1 7 3 7 " 
. i «i3»:. 
, 1 5 * ' ' f t 
. 1 * 6 5 M 
. H P 7 7 
. ' 3 1 * 1 
. I :> * '» , 
. 1 1 8 7 0 
. 1 1 3 * 
. 1 0 7 , , 8 
, 1 i ? S B 
. / i a B . , 1 
. • > a 3 S * 
. 1 1 9 5 5 
, " 1 5 7 | 
. - JSZ lR 
. . ' 7 8 7 l 
. " 7 5 5 2 
, ' l 7 2 b 3 
, ' l * 9 6 c ) 
." • .7 - . '? 
. 1 6 * 4 9 
. ' ! 4 2 1 < ! 
. - , *9 - l< , 

1.3L>507 
1 . 3 4 1 5 4 
1 . 3 1 9 1 5 . 
1 , 4 4 1 - 3 4 
l . 5 | ) 9 3 9 
1 . 5 6 * 7 ? 
1 . * I 5 T * 
1 , 6 5 9 2 3 

. 1 . 6 9 0 8 ? 
1 . 7 2 9 2 . 
I . 7 3 7 i 9 
l . 7 B ) 4 4 
l . « ' ' . j>5? 
1 . 8 ? 9 3 
1 . 8 3 7 0 7 
1 . 8 5 1 8 7 
l . » 6 3 8 l 
l . f 7 - ^ 3 
l . K B 4 l > ? 
1 . » 9 3 b b 
I . S c l S h 
1 . 9 n U 6 7 
l . ° l B P 6 
l . ' J 2 84 
l . ^ J ' . r f l 
l . "53 8 * 
1 . 9 3 c 1 7 
l . o S O l ? 
1 . 1 4 5 7 3 
1 . 9 4 » - ' , » 
1 . 9 4 ' i ; i t > 
1 . 9 5 1 8 « 
1 . 9 5 4 * 7 
1 . 9 3 f i 8 6 
1 . 9 5 o ; 7 
1 . 9 6 1 1 1 
1 . 9 6 3 . 2 
1 . 9 6 4 7 H 
1 . 9 6 f r » 3 
1 . 9 6 7 9 7 
1 . 0 S 9 4 1 
1 . 9 7 7 5 
l . 9 7 ? 0 ! 
1 . 9 T » 1 9 
1 , 9 7 * 3 : ; 
l . « 7 = , 3 * 
1 . 9 7 . . 3 3 
1 . 9 7 7 2 % 
1 . 9 7 ( 1 1 2 
l . V 7 n 9 " j 
1 . 9 7 4 7 3 

15.*9*3'J 
1 ? . » 7 1 5 8 

7 . B 2 7 5 9 
• ; . i * 3 5 b 
3.Si?522 
9 . 6 3 1 3 8 
J . i l S B j * . 
1 . 6 6 6 1 2 
I.38.21* 
1 . 1 6 8 3 2 
1 . 0 0 2 2 1 

. S 6 9 0 6 
, 7 b 2 6 , ' 
. 6 7 4 j » 
. 6 C U 2 t 
, 5 3 7 3 . ' 
. 4 9 4 1 b 
, 4 3 8 ? 7 
. 3 9 H S 1 
, 3 6 3 ^ 5 
. 3 3 3 * 4 
, 3 0 6 6 3 
. 2 8 2 8 7 
. ? M 7 Z 

. . ? * ? 8 1 
, ? ? S 9 5 
. ? H 5 6 -
. 1 9 6 7 8 
. 1 8 4 2 8 
, 1 7 2 9 1 
. 1 6 2 5 5 
, l 5 3 r B 
. 1 4 4 * 
. 1 3 6 4 3 
. 1 ? 9 K 
. 1 2 2 3 3 
, l ! 6 f P 
, 1 1 . " 8 
. 1 - 4 9 1 
. J - 9 9 9 2 
. ' • 9 5 ? 7 
. 6 9 0 9 3 
. £ 8 0 9 8 
. 0 8 3 1 : : 
. 0 7 9 5 5 
. i " 7 6 ? 3 
. 0 7 3 1 1 
. ( 1 7 < 1 7 
. 0 6 7 * 0 
. (164 3'., 
. " 6 2 3 4 

1 . 7 7 U ? 
1.7?3«,i 
U i 2 ? 9 
1.43211 
1.276?>1 
1.13633 

. 1 . 3 1 * 3 ? 
, 9 » 8 ? T 

, 7 3 7 j • 
, 6 6 7 4 c ; 
,»>i6»<; 
, 5 3 2 ? 9 
, 5 1 4 1 * 

- . 4 5 1 5 6 
. 4 ? 3 5 « 
. 3 3 9 7 9 
. 3 5 9 * o 
, 3 3 2 3 ' 
, 3 " 7 3 ( i 
, ? H 5 7 o 
. 2 6 5 3 7 
. 2 4 7 3 ? 
, ? 3 U i 
. 2 1 6 5 1 
, ? ? ? » » 
. 1 9 H 5 ? 
, 1 7 J 1 h 
. 1 5 3 7 ? 
, 1 5 9 1 5 
, 1 5 ' i 3 3 
. 1 * 2 2 " 
. 1 3 4 5 0 
, 1 ? 7 7 ? 
. 1 2 1 2 7 
, l l 5 ? f 

. i ? 5 7 i 

. 1 ? 4 5 ? 

. - 9 9 S S 
, ' ' * 5 1 n 

, 1 9 6 911 
, l . 3 3 2 > 
, P 7 9 7 « 
, ? 7 6 5 t 
. " 7 3 * 1 
, 1 7 0 5 ' J 
. 0 6 7 7 0 
, J 6 5 2 , ^ 
, " 5 2 7 « , 
.11 Sli i s 



-100-

.15567 

. n i 3 H 
1 . '591 l b 
1 . 9 9 1 8 3 -Ml • r 362 \ .15567 

. n i 3 H 
1 . '591 l b 
1 . 9 9 1 8 3 -Ml . r ! * ? ! 

. 1 * . 1 ' 1 l , U R 9 4 5 . ; 5 3 7 7 . " - ' 3 7 

. « w i •' l.-»»ii)5 .o?191 . - i 5 f *io 

..-,lH?l l . ' " . l 6 ? . n S C l * . * -39l 
, , 4 6 ' 3 l . ' - ' I ' . lB .".4B45 . , 4 7 3 i 
. l i S « 3 l . ' " U 6 7 .r.4h"5 . • . ! » ' 7 ° 
. " i * : , . - ; l . ' JO ' i lC ' . • 4 5 3 3 . ( ' 4 * ^ 
. i ^ a 1 . 9 B R 6 3 .'"i*3B« . " 4 2 9 4 
, f l * l ? ? 1 . 9 1 | . l j 7 . | i 425 .> . ( " • 1 5 1 
. ' • 4 0 0 R 1.9BC-5" .»<ma . ( J * " ! 1 * 
. nana 1 . 9 B * » ' ' .(-3992 . - , 3 9 ) 4 
. " 3 7 7 * l .°9729 . «3872 . ' . ' 3 7 » 9 
. - ' 6 6 5 1 , 9 8 7 6 6 . M 3 7 5 7 . ' • 3 6 H B 
."3S<.l 1 , i8< io;> ,*-364B . ' 3 5 H ? 
• i W i l 1 . 9 P - 0 6 ."•354<? . i , ? 4 3 l 
.«13S<, 1 . 0 B H 6 B . " . 3 4 4 ? • » 3 3 * t * 
. ' 3 2 7 ? 1 . 9 R 9 0 0 . " 3 3 4 5 • l'329('. 
. - l l " * 1 , 9 0 9 3 . , . 1 , 3 2 5 3 . 0 3 ? 3 t 
. n o ' 9 1 . 9 B 9 5 9 . ' " 3 1 6 4 . " 3 1 1 S 
. 1 3 P I 7 1 . 9 P 9 0 6 . 5 3 ( 7 9 . ( ' 3 0 * 1 1 
. " W l 1 . 9 9 1 3 . . .?997 . " » 9 5 T 
. ;»B'>1 1 . 9 9 - 3 n . ' 2 9 1 9 . ' • ? ' ' 7 7 
. ' S 7 9 n 1 . 9 * ' 6 3 . f 2 f H 3 . i ' ? 9 , 1 4 
• i ? 7 2 l 1 . 9 9 - 8 7 .Q?77\ M i ? " 3 3 
. i > 6 5 3 1 . 9 9 1 0 9 .02751 , ! 1 ? S 6 5 
• •.s5»« 1 . 9 9 1 3 1 . j ? 6 3 * ,< i?5 9o 
. -v»5" . 1 . 9 9 1 5 2 . f i ? 5 6 9 • i ? 5 3 « , 
. "?465 1 . 9 9 J 7 3 , C ? 5 J 6 .n?4 7s 
. - > S 4 l 7 1 . 9 9 1 9 3 , r ? 4 4 6 . ' 2 4 1 7 
. i ? 3 5 l 1 . 9 9 2 1 2 . " - " 3 9 8 ,n?3S,j 
• • l > 2 9 * 1 . 9 9 ? 3 i . i?332 . 1 2 3 0 B 
• r ' 2 4 4 1 . 9 9 ? * r f . " . 2 2 7 8 ."??">:> 
. O l ' l 1 . 9 9 ? 6 5 . ? ? 2 ? 6 . - |?2-i i 
. " ' 1 4 4 1 . 9 9 ^ 8 1 . . ' 2 1 7 5 , ' 1 ? 1 3 7 
. 1 » 0 ' 7 1 . 9 9 - > 9 7 . • l 2 1 ? 7 . o ? i j * 
, T ? D , l 1 . 9 9 3 1 3 .1)2119" , ( 1 2 0 3 ' ' 
• 1 » 0 ? 7 1 . 9 9 1 2 8 .6?( '34 . C "?-> 1 -9 
. M 9 S 4 1 . 9 9 - , 4 2 .11190.-, . 3 1 9 7 , 

. .11 9 2 ? 1 . 9 9 1 5 6 . ( " 1 9 4 7 .111920 

• • . ' | 8 » 2 1 .993T . ' . . * • * > " ' > • l ! l9 - |B 
• n l B 4 1 1 . 9 9 3 8 3 . . .1866 .- ,11840 
. ! H ' 3 1 5 1 . 9 9 3 9 S . 0 ( 8 2 7 . . . - | 8 | " 
. ' l \ ' 7 6 t l 1 . 9 9 4 0 3 . n l 7 9 9 . C l 7 7 n 
• 11 T.33 1 . 9 9 4 2 : i . f l 7 3 3 . 0 1 7 3 0 
. M 6 9 B 1 . 9 9 * 3 1 . 1 * 1 7 1 7 , n i 7 o i 
. M 6 6 4 1 . 9 9 4 4 3 . " 1 6 9 3 . M 6 S 9 
. n l ' 6 1 s I . 9 9 4 5 4 .fll65'J . 0 1 6 3 ( 1 

* . j5J44 . • .Vft-J/5 
l . r i 7 ? 9 . • • * « : • ' . . 9 t / , 1 4 l . r i 7 ? 9 

.OJikC . . " ' ' S i ' . l . ' i ' i * < 
• ••) >fl 4 I . ' H f . V * l . - I M l 
• ' ! ''.<•'< . 9 > > - « i.,;i«>"6 
.1 i S g ! , , ' M M 4 | 1 . ;• 1 i ' 5 * 
^jSVllU . .,«YHi I t i ' l " ' 5 
• ;.«•[ o« ,97,,.5a 1 . 1 1 * ' H 
i i l l l l .•9T.15S l i ? l * l 3 
. [ • ' < f f « . .97247 I . i i i 3 7 0 

..'.-'3t.J . • W 3 2 I i«6 • **?•* 
.•.•*•* oc .97411 1 . " t » 3 B 
. i iSCni .»un . I . " l » j 2 
. li $>&UU . 9 7? 5l> l , " i ? 1 6 
. .'ST.Us, .VV fc ' l l . - i i n 
• r i B o i .97(.»8 l . i t U f l 
. vf-fO'1 .97752 1 . ' M 1 6 
- li / .J 0 'J .97014 1.(J 1-36 
.(;710U .97873 l . n l " i t 
.C7200 . 9 7*9 31! i •"•»"• a** 
. t 7 3 f ( , ,9793b l . n l 1-.2 
. ' . •740U .9Sr,37 l."^•^•76 
..-.TSi'-D . ,9P S,3H l . ' i ' j l 
w7( i iC .96136 l . " l » ? 7 
• i?7ia. .9?1.33 1 . 6 - ' : * 
.-.Tail (J .99228 l . " " » 3 l 
• ; 7 9 D i ' , 9 0 ? 7 ? 1 . 0 •>«50 
. •; 3 •• u c . 9 9 3 1 3 l . n " t 3 9 
. . '° l ! t0 . . 911354 i..pj«49 
. . H 2 K ' . 9 0 3 9 3 1.(1 "MlO 

..«:!?3Cl) . . 9 0 4 3 . ; l . n ' 7 J l 
. ' , -9'tUu .913457 l . " i ' 6 3 
• 3 *>*••,>! .'"•'"• 12 1 . 0 1 7 4 6 
» j SoOu • 9 B 5 3 B l . n - 7 ' 9 
. . - 9 7„J • ° 9 ' . ' 3 8 1 . " '713 
. „ 0 3 3 , l . 9 ? ' , 0 J l . i '5 ,3 '7 
,J1?C-J .1)3'.31 1 ,1 ' ( .32 
.••9.111.1 ,9«c,5.,, I . "1 i f t j T 
. , - 310 .1 .98 >39 l .S i633 
. 1 ?*<!•.' . 98717 1.""AJ9 
. J 9 J U U .98744 l . n ' 6 2 6 
. . . 9 i 0 l , . 98 7 7,; l . J i n i 
•Jt?5.ti_. _..?Jf.?.*s l . j ' 6 U 
•u9600 ' . 9 8 C 2 . , l . o i " i - - i 8 
5.097(10 . 9 3 ( 1 4 4 1 .?•>•»•/"& 
.1 9U1JU .t'v.'w l . n i S ' j S 
. 0 9 9 0 .9F IH59 . l . j . 1 ' ? * 
. l - ' i iwl / .Own l . n - 1 5 4 3 



- 1 0 1 -

* tVH-* . '»HT Z0:<« 

• ; 2 ' 3 i I » ' . n * 5 1 . 2 ? S M ' 1 . 2 7 * 3 - 5 . 3 3 9 H 7 1 . 9 ? 3 5 « 
.' .•4? 57 l . ? « i " 6 1 » ? n 7 . '1 l . 2 9 ? * 3 ' « . ? B « ? * 1 . « *. 7 » 6 

. . • . 9 * 9 9 1 . ? * ' * * ! ! 1 . 1 5 3 = 3 1 . 3 * 3 ^ 1 1 2 . 1 * * 1 5 l . 7 i 7 > ; . 
. 1 &<• ?2 l . » t * ? J l . l ' l ' i f ! , * n ' i * 3 * . 5 « ? 7 2 1 . 1 3 3 " ; 
, . . ' 3 * . ' 6 i i » 3 y » * l . ' . ' ? 2 « 2 I . « 7 ' - l * « . ? 3 7 3 < ' 3 . 3 = i ^ 7 , 
. 3 { . t . » J i . ? ' i i * . o » 5 ? f 1 . 1 . 3 7 5 7 ? . ' » * 2 3 1 . 2 . i J " < . 
. 3 V j 9 < , i .e?i '» , < U 1 9 * 1 . r . 9 1 »7 3 . 3 " ?7-7 I . f 7 0 " 

. 9 5 5 7 0 . *?7S>> i . ? i i 10 , 7 * 3 ' 5 1 , ' 3 " » h l , f l T > 6 S 
I . f 7 0 " 

. 9 5 5 7 0 
, * 7 ' . 3 6 . . i . iwss . . 7 l ? 7 « l . t 7 ° 5 l i . =• C C 3 2 . » 5 7 l * 
• S ? r . * | 1 . i " 95 . 6 * 1 5 » 1 . 7 1 * 3 7 i . ? W . 7 7 1 7 * 
. S 6 ( ! J S H ' " 3 * . * • » » ? « 1 , 7 * / , 3 B 1 . C 7 C » 5 . 6 9 7 * , 
.«•!??(? J . U S . 3 . s i O ? " - 1 . 7 7 . 31 . 9 2 4 7 9 . 6 3 2 1 9 
.*3<'6. 1 . 1 SSI 9 • M 5 6 ' i 1 . 7 9 ? 7 « . 8 ; . 7 3 9 . 5 7 5 1 ? 
. 6 * 1 . 4 * 1 . 1 4 3 93 . 4 7S49 l . n j - 3 7 . 7 1 1 1 * . ? ? « 7 < 
• * a i ? . H J ' J t . « ? ' ' : • 7 l , r ? i - . « f i . 6 3 1 5 7 . » 9 0 3 ( ' 
. 7 l 9 S < , 1 . 1 > S > 7 , 4 l 6 " 1 l . « « 4 S | . 5 6 4 5 3 . * » ! ) ? ' • 
. T ^ ^ S s 1 - j J *-31 . 3 7 6 » < : 1 . H 5 7 7 f r . 5 c 7 5 » .*!)«»'. 
. 7 6 - 33 ! . » - » ] * . ' i l " ? 1 . " 6 9 * 9 . 4 5 B 7 B . 3 7 3 1 1 
• 7 7 7 * i i . n 2 : ) . 3 » « : ' I . " 7 ' i 9 l . * 1 ° 6 2 . 3 4 * ' . : 
. ' 9 1 7 9 1 . A » 5 » J • 3 " ' . 6 l 1 , R 8 >) 9 . 3 7 9 9 6 . 3 ) 9 3 " . 
• u . t i l i ; 1 . 1 : 3 9 3 2 . 5 3 1 1 1 1 . B 9 7 5 . . 3 * 7 3 7 . 2 9 6 3 1 
. " ? 1 ? 3 I . ^ 3 ' ? . . 2 * 2 4 * 1 . 0 , 4 9 5 . 3 1 9 6 3 . 2 7 3 5 ° 
. * 3 3 3 * l . J ' S j f e .2*5*7 1 . 9 1 ) 6 5 , ? 9 * 6 5 . 2 3 6 1 V 
. ' 1 * 3 1 } W ' 3 J 1 . 5 5 9 9 1 l . « J 1 7 7 i . ' 7 ? * * . ? 3 9 7 Q 

. * 5 3 7 » l . . " '« ' *»3 . 2 1 5 6 3 1 . 9 ? 3 1 * . 2 5 2 6 2 , 2 5 4 3 9 

. « f t ? 7 D l . A « . f t 3 9 . ' • > 2 ' 3 I . 9 2 S 1 5 . ? 3 * R 6 . 2 1 M = 
• > 7 l . ' l 1 . 1 V 1 « . 1 9 3 S 3 1 . 9 3 2 4 7 . 2 1 8 3 H . 1 9 7 5 9 
. ' ' •7«5- t I . * > " > * 1 . l ' 9 * 1 1 > 9 . V . 79 . ? . 4 * 6 • 1 9 5 4 ' ) 
. • iP' .OH l . n 5 S " a . 1 ".41.15 1 . 9 * 5 6 . 1 » 1 3 9 . 1 7 4 - i n 
. ; i 9 ] j ' > l . ! ; p - 7 . 1 * 0 ' 3 1 . 9 4 4 ' ' l . 1 7 9 5 3 . 1 6 * 7 * 
.I ' .QTS-j 1 . 4 4 9 J 4 . 1 =>) «n . I . 9 4 7 1 H . 1 6 8 7 2 . 1 5 5 ^ " 
.'>:' 3 U l . S i f t / o , i » 3 » 9 1 . 9 3 1 • . 1 5 B B 4 • l * 7 n 
. ^ H 1 3 U a > * » 3 f l 3 6 j ? l . ° 5 ' 7 9 . l * 9 d j . 1 3 » 3 7 
. ' i i r w 1.«'<»»•< . 1 »>*?. 1 . 9 5 5 2 7 . 1 * 1 5 . 1 3 ' 1 5 

. . t > l 7 3 B l . Q V . l ? . 1 2 2 9 1 1 . 9 5 7 5 7 . 1 3 3 8 7 . 1 2 5 4 7 
. * ? i 4 i . - t . ; i « » H . t l * " A 1 . 9 5 9 7 , .1?*93 . 1 I ? ? < . 
. " ? i i < i l . e J * 3 ! ) . 1 1 1 32 1 . 9 6 1 6 7 . 1 2 . . 3 2 . 1 ) 3 4 9 
.*»ZflSH 1 . 5 1 4 S3 • f i 6 1 5 1 . 9 ' j l 5 l . 1 1 * 3 ' . l i f l l ? 
. V 3 1 . 9 6 l . " . i 3 . ; 7 . . .111 3 ? . . . 1 , 9 6 * ? ? . ) . « 7 2 . i : 3 n 
. ' ' 3 5 . 1 l . i m i .-.*<i*-, 1 . 9 f .AU? . 1 . 3 5 3 . -. 9 i i 1 

- .'>j7.?r l . : . 3 r » * . ' : ? 2 ? 6 . 1 . 9 6 * 3 1 • I . W 7 0 . 0 9 4 3 ; 
. 9 « ( , 5 L . ] . n > 9 l S .-><U<S° 1 . 9 6 9 7 1 . " | 9 * 1 9 . - 3 9 9 « , 
. 9 * 3 1 7 . . 1 . A J 7 ? ' , . • > » * * 7 . 1 . 9 7 1 0 1 . (" .8999 . ' . • 3 6 1 2 
. 9 * 5 4 4 J . n 5 f t SO . i l l 3 » 1 . 9 7 7 2 4 . i ' l h ' 6 . ' i 3 2 5 f 

..^.HiSb-. . l . j '57.3 . i > 7 9 ; 7 . . 1 . 9 7 3 3 9 -ie238 • I i 7 9 l 2 
. 9 * 9 7 c l . o » * 7 2 .*i<iir. l . ° 7 * » 7 . 7 . 7 8 9 3 . n 7 S 9 T 

. .V5J. .73 l . i i ? 3 7 t . n 7 2 - > 3 1 . 9 7 5 * 9 . . i ' 5 5 9 .. . . 0 7 2 9 3 
. " 5 3 5 ' ) l . n 5 ? 3 h • I . 4 9 5 7 1 . 0 7 h « 5 .A 7 2 6 * , n 7 o r j 9 

. . 9 5 £ 3 i . J . ? » 2 i l . 3 * 6 * 6 1 . 9 7 7 3 6 .116977 . 0 6 7 * 5 
. " S 7 ' . , l 1 .<•»!«•? , o * * 1 c 1 . 9 7 1 - 2 1 • t 6 7 f , 7 . C 5 » 9 r . 
. « S h =>N l . r » r > » 3 . « M " 5 l . ° 7 9 C 2 . ( . 6 * 5 2 . 1 ! 625-7 

. / l . t 
• : T i f l t l 
, r 3 i ! j 
. . ' . ; * ; > • 

. . . : > P u 
. ( . • ( . , • , ) 

• j . ' i i « 
. . . > 0 ) 

. . . . >i'.Hv 
• ' • ! ( ( ' • • 
• i l l l ' - ' 
. f l 2 B w 
. L l 3 u i . 
. ' . ' 1 " ( : 1 
r l ' i ^ l i v 
. . J l 6 i " 
yuVs-! 
. I ' f S . ' j 
• -y l '»JJ 
•Hi 3" 

. ^ l , 2 1 « . i . 
. 0 ? H ! | . ' 
• I i 2 3 : . ' 
. t : 2 * i ; j 
. J ? s J i i 
. ' : 5 6 K . 

• J 2 7 L > ' 
• 7 2 « I . -
0 2 9 J -
• i.S.i'Jv 
• v T l j C 
. -j3XI J'.-

.. < u 3 J j - . 
. ' - i * J 1 . 

, S. -J&J.-. 
O 3 0 , « 
• t 3 ' . " 
. C 3 H l l , 

. . . .. its*•.•->:.. . 
. i 4 n - ^ 

_ .... ... . J . l ! ' l ' j l . _ 
. ( •4V^: i 

.__ .. i*a. '>. 
. H ' t ' K 

. - . I ' l i E y j .. 
. v 4 6 r . j 

. - _ . - . x i i T i i a . . . 
. l - * f l v ! ) 

. . 0 i * l / 0 . 
.(•5or(. 
. 1 - 3 1 ! ; . ' 

http://9f.AU


-102-

. s i . i . .''Vi** \',><lir. . - i 9 9 1 I . i 7 « 6 « 1««-241 ,r-Sn5i 

.;.334.t. , ' > 4 l * i . .1 ,51*11 . '1573.1 i .< )3 . '42 
,>'«i»in 1 , 1 1 * 16 . l i * " - ' i / i s m 

- .. . i $ 5 . L . p , i . ' « . i . . ; ' 7 a 3 . - 6 3 ^ 9 1 . 7 3 1 7 A 

. • = • ( • • : . • . ' ' S ' j l S t . ; ' 7 J 3 , . 5 S u I . J I ' 3 1 

. „..5'v; . ' - ' V . 3 . I . - 1 " ' , l i J ) T 1 . 9 9 ? 9 7 

.'.'St* . • ; , ' j . ' » • . i . 1 1 •>' .1 . i 4 « ' 3 ] . M 9 ' . S 3 

1 i?? ' .W. , , ' IM 'Vr i 1 J< 1 r'SS . " 4 T , T . t ; q i 4 L 7 

, , v n'j ' •.'? v .Tb " ' I . ; . ' VI 3 . U S S P l , V q - 5 i 

. ' . •. i . • . ' »*'Zit: .. ! . ; '<• ?& ,"'• '<»«! l . y a i o f t 

" " " . . | S 2 . , U .•>»1 »1 I . - ' ' • • 2 2 .•>»2»» I . S B 5 S 3 

. . .l*3.'JL»... . "72 .1 R i . i r " " . ' . » 1 « 1 1,OB«97 

, : 4 * ' j t , " r - » : i i l . ' i 3 3 1 . " 4 0 3 7 l . '1B ' ,39 
. . . M S ' . . .^'VK 1 . i l ' » V . i V ( l 9 1 . J 0 A 7 3 

.vSO'K . " • " . » < > > . ' " S 2 " . 1 1 1 - 5 1 .U071H 

. . S 7 D ' . ,V7 , : 1»9 1 . M S 2 * . i 3 b ' 7 l . ' ) S 7 5 i i 

. i . V » f . . - ' T ' l " ^ ' ] ' . " i n e • - 3 S 9 3 1 , 9 0 7 9 : , 

j t S ^ J V ,H7f .S6 i . ' U 59 , ' J * J T l ,s«3aZ4 

. ; ? . . :•!.• . 1 7 7 3 . l . M l ?7 . - 1 3 9 ? 1 . 9 8 « 5 7 
. " 7 7 * 1 l . S l - »T .• '13' . '5 1 . " i n p H 

, : . r z j - . ' ' f l ' ^ 1 . ff 1 -• VJ . " 3 2 ' 7 1 .9H91f l 
, <. M i v , 9 7 ' . >7 l . n i •>»(! . . . 3 7 1 ' ? l.9SI9<(7 

. . 7 * i v .'>»«>« l . M - l ' 3 . l i p ^ i 1 . 0 S 9 7 4 

...1'SS:. , o i " l * . . 1 . C - - M . T . - > ° 7 j 1 .19 . . 01 
.'.y*'^ ."'il-'SB l . ^ . ' S C , - ' 6 3 7 1 . 1 9 27 

..... -,.:.Z?U. . . . " f JJ .3 . . . . ' . . ? ^ 3 ? . « » 9 ? 4 1 . V 9 . 51 

, :?i»c-'. , " » ^ i S . 1 . •»•>'! 5 . " ' 7 5 4 1 . 1 9 75 

. J I " J ; I .o«?r.5 l . m R J S , i ? 6 ? 7 1 . 9 9 9fi 

. ' ^ . ' v , " W ? T . " - " 7 1 . i jfc?i> 1 . 9 9 1 2 • 

, : M ( ; * , u ? ? J i 1 .1 - -1VJ j i255<5 1 . 9 9 1 4 1 

. '=»2l-- . ' J ' . i j ' l ' " l . i "130 ,»»*»«' 1 . 9 9 1 6 1 

- j iS"J' '" . ^ 4 3 7 • l . i ; » i l ^ A34l»i 1 . 9 9 1 8 1 

" . ) " * « • • " ' " *'•>=/,!• J" j ' . « » 7 » ? I^ss*' 1.995f , . , 

# . . « 5 j . . . ,')«»« l . ' i 774 . 1 2 3 ' > , 1 , ' ' 951M 

.•.:•>«. li!- ,.'••,1ft 3 , I . A i 7 , 7 . - . ' Z ' V l . « 9 ? J 6 
. • • »7„c , « n * M * 1 ,« •"»*<, . " ' 2 2 f > l . 9 V ^ 5 3 

. . ! f l ' i 3 . . ' .•>«?»•/ 1 . » "• 7 ?2 . . . » 1 7 7 1 . 9 9 ' 7 ; 

. I - ? V L , : .V"»'.. M i . s . 7 i a . i » i ? 9 l . ° 9 ? B b 

. - . 5 . ; ' j j . f i f l^' .ft l . - ' . 'h?5! . " » 0 ° 3 i . 0 9 T U ? 

. - . » l u i .VtlftjVi ) . n - f i 7 H , r .?P39 1,<)9117 

. . ? 2 t , v , 9 R t 4 B l . » - fc - , 3 , M " « 9 < ; 1. '49731 

. ? •S30O . 9 3f.*t> l , r - - M » . " 1 9 5 V l , n 9 3 4 5 

. ' . 9'HiV .<••?•>'». 3 X . ' ^ S t . i f ' 9 l V ' l . 9 9 ^ 5 9 

. i ? 5 « J , « » 7 * ; J _<.'L>23 . . H 8 7 < . 1 , 9 9 ^ 7 ; ! 

.T?&7f." ,OS7 7 5 ~ 1 ,-•>•• A 1 <! " ' . V f H j t , , ' " l , 9 9 ^ 8 S " 

- ? ; » i . ,<<3 7< J i , ; - ; ) « , M 7 9 q l , 9 9 - , 9 7 

. . ' U ! / . , , ' « W j I . i ^??6 . M 7 « . l i , g - ? t i . -

. - war. ,"". i tV7 1 . / . - S 7 5 , " i 7 ; < ( 1 , 9 9 4 2 1 

. P . t v v ' . "<) i iV5V l .~ '5 ' !>3 . 1 1 * 9 4 1 . 9 9 4 3 3 

. V 6 U 1 2 , 1 3 3 3 7 

. 5 7 9 h . . '561-1 

. IV5591 . - 3 4 3 0 

. . ' 5 3 9 7 • 5 2 S " 

• : 5 ? l i . , , 5 ' } ! ' i 
. 0 5 . H 7 . ' * ' 1 3 
, n » H ? n . ' " • 7 5 ^ 
.'"4 > 1 ? ' . " 4 6 i J 
. J 4 5 S 1 , i 4 4 V 9 
, r 4 « l 7 . 1 * 3 2 ? 

.04?<U • i '»)». i 

. ' • 4 H 9 . " i n * " ? 
,I.I4I'?4 , "39»<; 
, ' 3 9 ' i i , r j » 3 . i 
. , }379( . , 0 3 7 3 . ; 

. P 7 6 S I , r J 6 | q 

."31576 , r 3 ? l u 

. 0 34 76 . 1 3417 

,1 '33' t ' , i : . 3 3 ' 4 
,r>32^« , r 3 2 3 i 
. "i31 90 , s 3 H s 
. ' : 3 1 14 . "30 !>7 

. ' . '3I-33 . O S 0 l * 7 

. " ? " " ! * , ' : ? 9 I V 

, ' ? P 7 9 . . ? ? 8 3 o 

. I . 2 K - 6 . " 2 7 5 7 
, r ? 7 3 6 . " 2 6 9 0 

. 1 2 6 6 9 ,:i?63'4 

.'".?6i<l , | . ? 5 7 i 

' , ' i ? 5 » r .( ipB^Q 
.1 .7491 . l ' ? » i i . 
. o ? 4 ? 3 , r ? 3 9 4 
. j>?356 . - 2 3 3 ° 
, i ? 3 1 2 , r 2 2 « A 

."??*:•• . ' . 2 2 3 4 

. | i ? 2 r - 9 . " 2 1 9 K 

. . . g ? i * . ; ,1-2137 

. « ? ! ) 3 . 0 ? H 3 l ' 

. 0 ? C 6 7 .P20'*«, 

. 0 ? ^ ? 2 . " 2 0 0 ' 
.<11979 . " 1 9 6 . . 

. ' . 1 9 ? ^ , ' l ) l o 

_ . " 1 " 9 7 . J 1 9 9 " 
" . r l i ' S H . <• 1 a 4 T 

. " 1 8 ? 1 . . 1 1 8 1 4 

. ' l l 7 « 4 . ( ' 1 7 S 0 

J > ! 7 4 8 , 1 1 7 3 1 

. f * ' l 7 f 4 . 0 1 6 9 0 



-103-

-44-xl:* -L2±L*..ZiH** 

..HAN.i2l« . 9 9 . j i 3 AB.UlJ" »-(io:n 

Tt "P l < « - I .[•) (.'( q 0) 0 * 

_ . . . J-UPJ .1)H)1 
. ( ; ' i >V . . ' 3 7 35 

. - . j^Jtl l l l . . . r i c i i -
.^;*or. . i - i ' /SV 

_.-.ki i i» . |32| t 
, i ; H S , 3 - ? 3 S 

.^r£7i)<< - ..3r.tZ.. 
. . ^ t V ' , « 2 4 J 3 

_ , ..'frr . . . . A U i i . _ 
.'.U'C't . 5 5 4 3 5 

. -...aiil'v . . .5AS.9.L. . 
• t 12KV. .'•"•i3» 

..•-^jit'-. • U.3J:.34 
. j i * i . t . * S M « 

— •'"Sal* -
. - 4 j i ' s : . .. .7336a 

• i f dfi i, ,7~o>. 
. . . i ' ! * £ * . . ..7 Mb . _ 

. i * . , iM- . 7 3 ? 3 2 
_ A—Jlii-i- .. . 

t*C'taj._. 
. A ? 2 « - . * 2 L - 3 9 
- ^ a 3 j " . . . . . ' 3 2 3 1 
. J?*V/» .''"•3)t> 
. j » s a : . . « 5 3 J 7 
. l . JOUP . « ! > ? ! ? 
• w?7(,J . " ? . ' * • ! 
.•..>aic .U?tf32 
• « » * . i . " 8 5 . i l 
...V'n'- . S 9 ; 4 » 
• : ? i JU. , 1 9 / 3 0 
. . 32CI , •« '?So 

... , J.33SV ..*.'''•.!'»3 .. 
• • ; 3 4 , " .•*1?63 

. . C 3 S J U . . . ' H T D i , — 
. . . 36.11; ,"2l.p5 

. . , . 3 7 , , . a i ' i . 9 j 
• •380:. . .^31=133 

. . , J iW . . V r l l > .. 
. ' < • : ; , . .''3-M 

_»»Vlw./ . " J ? J 9 . . . 
.-..4H' .• . 9 4 , ?'l 

-_*CM2^*t , .?,i2->l .... 
. * • ' • * • ; • : . ^ 4 ^ I <J 

f . t % i ' - i ^ ' V ' ^ -
. . i t j i . - . '" I ' -152 

. . , i>. 7 : - i ."5jJ>l 
. "*•!;•.• . "^ iOu 

...... 4 . * _ „ . .. . ° 5 ' 1 * . . . 
. -- 5VI - . y E f - i l 
a. 31.C . ' i V ' i J 

l . j i t 72 1.2313? 
1 .S lP - i * l . ' 1 3 1 « 

. . . J . . ? > . 4 3 4 1.15523... . 
l ,?** '-> l,nP>61P 
i>a.*tas.. 1 . 0 3 7 7 6 . 
l.!>3->'.£ .930".* 
J..2J277 .. ,<Hb '7 
1 . P I 1 3 5 , 7 0 7 ' S 
>uai:i?. .. 7?J24._. 
1 .1 s «?4 .'>'>*?•') 

-_1»177;B. . . 6 1 1 1 7 . 
1 . H S ? 3 «=»"i??=9 

. .1..1ASS6 . • ' 1 ^ 1 3 
1 . 1 ' . 4 5 5 , 4 7 7 7 | 

JLiT * 4 ' 6 • » . : 1 L 2 - . . 
I . i '>«- I2 , 4 i 7 3 a 

. . 1 . . 1.1.742. .377£i i 
l . l i ' s * , 1 i \ )44 

-.1.1.12.45 • 3'Sf.'; 
l . 5 > 5 3 2 . 3 i 3 M 

— i ^ . i ^ Z . . 2 3 2 * * . . 
l.nP»r.'4 .S137S 
i . ; . " n , 2 i 6 6 j 
l . i ' 4 1 4 . " ? ' 7 
l . o S » 7 * .?16J7 
l .«S666 .?"356 
l . i M W • i ' i ? i . 
l . i i « ; 7 . I1.1»I<1 
l.;;=i527 . ! 7 C 2 7 
l . i * ? j ' l . 1 * 0 ' ' ' 
1.':4 9 5 V • 1 5 2 1 P 
1 . "> i T . 0 . 1 ".414 

...Ui»**3 . . . 1 3 6 7 / 
l,"»J»*3 .1 ?9?t> 

_ - l . (p - i ! j7 • T ? 3 3 7 
l . i » « V 5 . 1 1 7 4 : 
1. . '3556 . 1 1 1 " 3 
l , i * 4 l > 9 • f ••6'i4 

. 1 . . 5 33.4.2 . !Jil ' r -
l..'«11 5S . : ' 7 ? - t 

. . l . . i .3:- j '» . . . 1 » 2 ' 9 . 
l . ; '"'?•' ,r,fl9>(> 

-A*S,?4iJ. . ^.i3S?i 
1,1>*> ?P . ^ 1 7 / , 

. . 1 . . ' ' 5 3 5 .. • " r»4a 
l . " ' 4 S 3 . ^ 7 5 1 - . 

._1.."':3.*7 il ?21*?. 
1 . '**v.1'> . " * 9 5 T 
l . f .?2U . . ..n.^636 . 
1 ,o? l ).) , ' M H 
1 . r 9- i ' ,1 . ' « \ ? 1 1 

Al" A-.I5TU03Y J M S T 3 3 P ' 

l.?6pj(i3 6« .15433 1 . 9 4 1 : 1 * 
1 , ? 8 7 B 9 3?,4fl'l67 1 .133330 

. l.J3«JJt. U^BHUili 1.. .ZJLU& 
i .4r=7s pv.»c334 1 , 5 * 5 6 ? 
1 . 4 7 2 9 3 4 . 3 3 2 8 " ? 1 . 3 6 8 3 8 
1 . 5 3 4 8 . •5,r756«i 1.211S 1-
1 . ? 9 9 » . 7 ? . 3 .3453 l . C 7 7 l » 
1.A3ABR l .RS?l? .95161 

. 1 . ^ 7 7 7 . , .. 1 . 5 1 5 . 4 * . . . .H i? .UL 
1.7197a i',?ftH3« ,776t<? 

. 1 . 7 4 2 ? 9 1 . 0 7 9 3 5 .73129 
1 . 7 6 9 0 B . 9 3 2 1 3 .6351A 
1 . 7 ? , 6 < ) . H 1 3 4 3 ,57B?s. 
1 . P M 1 3 B . 7 1 6 3 9 ,S?7*A 

J j S 2 H 6 . , 6 3 5 1 7 titWi* 
1.H4.T7? . 5 6 8 5 2 • 4P.25-
1.P35.70* . 5 1 0 7 9 • 4 3 6 3 S 
I .PfPH-> . 4 M 6 . 1 .375 -14 
I t " . 7 94.1 .41912 . . 3 4 6 , 1 
l .N8»64 •3S219 .3?0»7 
I..»?t?,». . . 3 * * ? T . ._ .2.9770. 
t . 9 - 4 4 f l .32144 ,2769-s 

. 1 . " 1 1 . 2 2 .29b29 .25836 
l . l l ' S ' .?7394 . 240*4 
l . t >2?6l .25499 . 2 2 5 3 7 
l . a?7« ' . ,23612 . 2 1 1 1 6 

i . 9 3 2 3 4 .22C! i* . 1 9 8 2 3 
l .«3ft49 . 2 - 5 5 3 . 1 3 6 3 0 
) . . « 4 ' 2 P > .19239 . W 3 5 T 
1 . ' ! 4 T 7 S . l f i ! '4b ,l655j> 
l . » 4 * » 3 . i '6«5» .15633 
1.94966 .15965 . 1 * 7 0 > ; 
1.95956 .15J56 . 1 * 0 3 2 
1.95>;0b .14222 . 1 327f» 
1.95737 .13454 . 1 2 6 1 ' . 
1 .959bi . 1 2 7 * 6 . t l » 3 ? 
1.96149 .12092 .11433 
1.9«.?34 . 1 1 4 1 7 . 1 '361 

. 1 . 9 6 5 0 ' ' . K ' ' 2 5 . . lJ.330 
1.9f>»,67 .1-.4S3 ,"93^9 
i .9£.s<l i . . ; : 99 j8 . • : '14? 
1.96957 .("9455 .r,3n3t< 
1 , .47 ' .P38 . . .n9:i43 .n35S? 
i . 9 7 ? a .f l8648 ,n3239 
l . ' 5 D 2 7 ,riB?7B .....17940 
1 .97*35 .•17931 ,'l7&?<5 
1.9753rt ,f.7b55 , ( | 7 3 V 
l .«7A34 .p"7?99 . >> 7 0 p» -a 
1.07725 .•;-7l)ll • U 5 7 7 3 

1.97^.11 .'!i>739 . i 5 5 ? i 
1.97R9? . 1 6 4 S 3 . 1 5 2 1 1 

http://85.il


- 1 0 4 -

. l i l v . . .'",{•: I 1 . ; 1 n r 1 . » * 9 f . * I . n 7 . i 7 t t . i ( - - ? i 2 

..—'-Si>5*.. 

..'.S'V-. 

. i. 7? J L; 

• L 7 J « f 
. - . 7 * j j 
. . . 7 6 3 0 
. i 74 ' , ' . 

. . . 7BCL 
. . . 7 V - 3 . 

. 5 j . . 
— 2K'.-
. .=•-£.'." 

. . »3.rf.i;.y . . 

. .*)«..,.• 

. , " » , . 

. , * 7 ' j . 

. . * o l < . 

. - . ? ? C ' 

, v 31 u -' 
. : ? ? c . ' 

. -%5'i 3 .' 

. ' 95 i i . ' 
. * 9 f c u . 

. . - * 7 l ! V 
. ; . »b ui 1 

, a a i 4 V l . » 1 . ^ 2 ,t.'yls3. 1 . 9 ! i . . b l 
. " S ? i 3 I . ' 1 - 3 7 . " 5 5 5 4 1 . tjl»l ] Q 
, w . 1 » . " > , ? J , - 53?>5 l . y B K i S 
. ' I f . s . i i 1 . -' 111 f. . < • * ! • "? l . 9 8 ? 4 > > 
, '">» tO I . : i " - i 9 , i - r . i 4 1 . 9 0 V 5 
. 9 - J 7 3 - ' i . •'< t •• * b , - 4 H 5 ' i 1 . 9 1 3 6 1 

V i i - * . . _ l . : ' * . ? . 5 . - a b » 2 l . ' d t l * 
, ' > M / « l . i i - t " . ' • S < 7 ' 1 . 9 I U 6 S 
. " 'C i ? * i .:*»<» 5T , < m . " f , 1 . W 1 3 
. " 7 1 '•<• 1 , » I H ? . - 1 2 7 ) l , « h 5 5 9 
,:>.vi.ii ... J . f , v n . " ' 1 * 2 l . ? t » r : 3 
.'•111 3 1 , ' m ? , " * • . , 1 <J l . ' ) B * t ? 

^ " 7 3 ' 8 . ,.i..".'.?.*a„ . . . l ^ : J 1 .<J«*85 
. »7<. Mi 1 . ' I ' 3 6 .n17 : >M 1 . V 8 7 2 4 
.'<L7V*v 1 . M » > 1 , , n J6«.> 1 . 9 6 7 b l 
. " 7 f l . 1 . '• 1 1 16 . • > 3 = 7 A 1 . 9 9 7 9 b 
/ •>7 fc7 i ! . • " 1 53 . m 4 7 7 1 . S 8 P 3 , . 
. 9 7 7 * . l . " U ? 2 . i l ? 1 ' ? 1 . 98 /162 
. 9 . 7 X J I . ....1 • .» ' . :?« - . . . n V ^ J 1 . 9 8 ' i 9 3 
, w n f t . . t . * l ' S 3 , n ' l ? - l l . ' ) 8 9 2 3 
. * 7 ' ' 1 7 1 . C U 3 5 . . . " H l B 1.9«95? 
. 9 7 9 7 1 l . - l •> •« , f l ! i 7 1 , 0 ? < ) 7 9 
.9p,_5.- | l . " i 9 i r , - 3 9 5 q 1 . 9 9 . 0 6 
. 9 1 : " 7', l . i W W , - 5 5 - < 4 l . ) 9 31 

. * . '« j ?£.. _l.»\»:iA.. a . " ? " ' 2 1 . 1 9 - 5 ' 5 
. 9 ° i 5 » I . n 9 - u ; . 1 5 7 4 5 1 . 9 9 79 
. 9 H 2 H J. : . * 1 *? ' * , I ' J 7 S 1 . 9 9 H ' ? 
. 9 a ? 5 7 \,^'*S1 . 1561 i I , 9 9 l 2 i . 
. .?i i2 9? . . . - l . i l " . * • I ? ? * * 1 . 9 9 1 * 5 
.s'nsw 1 . i '-<?6 , ' i H ' 7 1 . 9 9 1 6 5 

^< !J37 - , . i . ? 3 . " ! 7 .. , n P 4 S O _ 1 . 9 9 1 8 5 
. 9 1 4 i 3 l . i i 7 i A ~ . - ' 3 7 S 1 . 9 9 ? ' > » 
, 9 » « 5 i 1 . - - 7 7 1 , « 5 3 l a 1 . 9 9 ' 2 ? 
, 9 < U * 7 I . - - ' 5 3 . - ' S ' J 7 1 , 9 9 " t r 
, 9 - i * ? 1 . " - 7 1 I S , ' 5 ? J h 1 . 9 9 ^ 5 7 
. 9 9 5 5 3 1 . " • / ? £ . 1 5 1 * 7 1 . 9 9 - 7 3 
, 9 t j . , 3 5 1 . - 17 °> 4 . • ' ? l ' i ! 1 . 9 9 5 8 9 
, M H o 1 . - - M * , 1 5 ^ 7 * 1 . 9 9 T f > 5 
, 9 - l f , v 6 l . " - « . ^ 5 . - .5"?q 1 , 9 9 1 2 - 1 
. 9 f l h / » t . i l Hi' . i l"9 <f. I . 9 9 3 J 4 
, 9 - t 7 J c ' l . r ' l - h ' , 6 , i l 9 * 5 1 . 9 9 l « f -
. 9 8 7?9 1 . ' 1633 . - > 9 " 4 1 . 9 9 1 b ? 
. 9 1 7 5 5 . _ l . ; ! \ ' - . 2_ i . „ _. *11'IK 1 . 9 9 3 7 5 

."'•us,; l . . - . - 6 ' B 7TI837 1 . 9 9 > 8 * i 
, 9 H / I ; I S 1 . 0 1 5 9 6 , 1 1 7 - i M 1 ,99<C>I 
. *>>.IH2V l . S i 5 ' 3 3 . 1 1 7 - H l . ' / 9 4 l ? 
. , J a i o 2 . l..i?.2i>'?2... .»J.7?.t . 1 . 9 9 * 2 4 
.9'Jh"?., i . n i 5 % a . 1 1 6 " f t 1 . 9 9 » 3 5 

. t , i V i i ' .Lai-li 
• =|7«.^ . >•• 5 * 17 

. i 5 S S S . " •54 1(1 

. ' • • - 3 7 ! . • 5 2 3 1 

. ' " 5 1 H « . ' 5^-5* 
, 0 5 ; M 3 , - t t a i 
, i « . H 4 7 . ' J » ' 3 3 
. | H , 6 9 i . " 4 5 1 ? 
.r>45<ii- , f » 4 3 9 
. ' 4 3 9 6 , r. i 3 •) •> 
. ( " • 2 * . . ' . ' »1 '1 
. « « 1 " , 0 '» '.1 I * 
. ? * 0 i j 5 . 0 3 9 5 7 
, n 3 8 P 6 , ( 3 8 1 ? 
. { 3 ^ 7 3 . C 3 7 l 3 

. " 3 0 6 4 . ? 3 5 9 a 

. C 3 5 ' , - ..'134 ^a 

. r . 3 * 6 - ' . l ' 3 » 1 1 

. ; 3 3 5 / i . ' • 3 ? ! 9 

. ' - 3 ? 7 3 . 0 3?5,'| 
• : 3 1 " * . ' 3 1 3 5 

.«3'r- , r 3 C 5 1 

. 0 3 0 1 9 . i ? 3 7 i . 
, r ? 9 4 . . , f - ? B 9 « 
. - ? f l 5 5 .•••2*V? 
. ' ' 5 7 9 3 . - . ? 7 5 ' i 
. f ? 7 5 3 . f 2 ' 3 ? 
. ' ' • ? 6 5 6 . . - ? 5 5 ? 
. ; ' ? 5 « . '>5 5 59 
, r - ? S ? 9 , • ' 3 4 9 0 
. ' 5 4 J 9 . ' ? » ! « 
. f ? * U . ' 3 3 1 3 
. P ? 3 5 S , ; 5 3 3 P 

, " ? 3 i l , f » 2 7e 
. . " ? 2 4 9 . - ? ? 5 6 

. ; *2199 . - ' ? 1 7 t ; 

. ^ l ? ' . " ?1?Z 

. n ? l ! 3 . i J O ^ l 

. S ? r , 5 7 , n ? o I * 

. 1 2 0 1 3 . 1 1 9 5 1 

. 1 1 9 7 ' ' . : 1 9 5 1 

. ' " '1939 . ' ' 1 9 1 -
^ i l S B 9 . ' . l " t 
. 1 1 ) 8 5 ' , " i 3 n 
, r l H l 2 , ' ' - l 7 9 < ; 
, n l 7 7 6 , i M 7 5 ; 
,el7«c- . . . ? 1 ' 2 5 
, M 7 " 6 . r ] 6 9 1 

http://-l.il%22.*


- 1 0 5 -

APPEHMX IV 

GYROMAGNETIC RATIO OF 1 ""Hf 

The magnetic moment of deformed nuclei contains two parts, g , the 

collective gyromagnetic ratio* and g , the intrinsic gyromagnetic ratio. 

Based on Nilsson diagram with deformation n » 4. (Bee Fig. AIV-1,2), one 

180 
finds that the 8- state of Hf can come from either a 2 proton state 

{7/2+1404), 9/2-(514)) 8_ or a 2 neutron state {7/2-1514), 9/2+(624)) g_. 

The magnetic moments of both states can be estimated from their neighboring-

odd-mass nuclei whose magnetic moments are known. The gyromagnetic ratios 

of these nuclei are l isted in the following table. 

Table of Gyromagnetic Ratios 

Nuclei Level Nilsson State Shell State y g g 

2.35 a 0.293 b 0.778 

0.320 6 0.771 

5.29 a 0.293 b 1.372 

0.320 e 1.365 

0.61 3 0.253C 0.151 

0.7836 f 0.249 f 0.216 f 

-0.47 3 0.263 c -.186 

.207 f 

0.19 6 - . 1 8 e 

The magnetic moment of deformed nuclei can be described as: 

2 

"w " x • 9 R + rrr K - V • ( 1 + 6 K , I / 2 • < - i > I + 1 / 2 • «M + i ) b o ) . . . ( i > 

I = K (NnzA) 

1 8 1Ta g.s. 7/2+(404) *7/2 

1 8 1Ta 56 keV 9/2-(514) hll/2 

1 7 7 M g.s. 7/2-(514) f 
x7/2 

1 7 V g.s. 9/2+(624) X13/2 

177 
Hf 321 kev 9/2+1624) x i •*/•> 



1TSTF 
, q - . . q - - i n , 

1/2+ 3/2+J1/2-

5/2 H [402 
9 / 2 - (514' 
7/2+ fto4 

1/2+ b"] 

7/2- [523] 
3/2+ [411] 
5/2+ [413] 
9/2+ [404] 

5/2- [532] 

3/2+ [422] 
( l /2+ [420] 

3/2- [541] 

XBL74I-220I 



6.50-

6.25-
|£0 

6.00-

5.75-

9/2+[624] 
7/2-[514] 
5/2-[512] 

9 /2- [505] 
11/2+ [619] 
7 / 2 - [503] 

3/2-
1/2' 

[512] 
• [510] 

5/2 - [523] 
3 / 2 - [5211 
5/2+ [642] 

XBL74I-2207 



where 

6K,l/2 " ° l f K ' 1 / 2 

6K.l/2 " 1 " « - 1/2 

(9 K - 9R> " b 0 - <gx - gR> <K - l/2|j+|K - -l/2> + <gg - qj <K - 1/2|S +|K - -1/2-

g, • lj g » +5.58 for proton 
g, " 0) g « -3.82 for neutron 
j f s are raising operators 

We evaluate the g„ from experimental data of g and M . Strictly speaking 
one must use an effective g instead of the free particle g . In this 
region g (effective)/g (free) • 0.6. But this complication in evaluating 
of b term drops out in our case where K = 8. 

The values of g„{7/2) and g (9/2) are obtained by substituting the 
known values of nuclear magnetic moments and g 's into the Eg. (1). These 
calculated values are listed in column 7 of the table, except the last 
value from Hf 321 keV level which is an experimental datum. 

The intrinsic magnetic moment of two coupled nucleons can be 
expressed in terms of its individual magnetic moments in vector sum: 

g K ( D = 1/2 • (g R 1 + g K 2 ) + (g R 1 - g K 2) y 21(1 + 1) I 

If I » l l ,I + | l „ | , then g„(I) can be expressed as: 
1 £ K 

V 1 ' ' l h • 9K1 + h • 9 K 2 } / I 



where g , g R 2 are g K fo r I " 1

1 a " a x " I 2 ' r e s P e o t i v e l y . gK<I> means 

only g , of a nucleon at sp in equal t o I . I t c e r t a i n l y does not imply t h a t 

g„ ha* an I dependence. 

The r e s u l t ! of g K (8) and p(8) based on Eq. (2) and Eq. (1) are 

l i l t e d in the following tab ic . 

' R g 
0 . 3 1 3 9 

g(7 /2) 
0.778 

g(9/2> 
1.372 

9 K 
1.112 

U 
8.18 

0.771 1.365 1.1H5 8.14 
0 . 3 7 1 h 0.778 1.372 1.112 8.83 

0.771 1.365 1.105 8.18 
0 . 3 1 3 9 0.151 - .186 - .038 0.004 

0.216 - .207 - .022 0.122 
0 . 3 7 1 h 0.151 - .186 - . 038 0.060 

0.216 - .207 - .022 0.174 

{7/2+(404>, 9 / 2 - ( 5 1 4 ) } g _ 

{7/2-1514), 9/2+(624))g_ 

In conclusion, the nuclear magnetic moment of the two-proton state 

is 8.33 n.n. and the nuclear magnetic moment of two-neutron state is less 

than 0.1 n.m. 

aSee text, Refs. 51, 52, 53, 54. 
P. Boehm, G. Goldring, G. B. Hagemann, G. D. Symonds, and A. Tveter, Phys. 
Letters 22_, 627 (1966); G. G. Seaman, E. M. Bernstein, and J. M. Palms, 
Phys. Rev. 161, 1223 (1967). 

CZ. Bocknacki and S. Ograza, Nucl. Phys. 69,, 186 (1965). 
dO. Prior, P. Boehm, and S. G. Nilsson, Nucl. Phys. Alio, 267 (1968). 
eH. Hubel, H. Toschinski, E. Bodenstedt, and K. Freitag, Proc. Roy. Soc. 
A311, 181 (1969). 

£S. Buttgenbach «t,al., Phys. Letters 43B, 479 (1973). 
9P. Gilad, G. Goldring, R. Herber, and R. Kalish, Nucl. Phys. A91, 85 (1967). 
nE. Bodenstedt et al., Z. Phys. 165, 57 (1961). 
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APPENDIX V 

ENER3V LEVELS OP 1 8 0 Hf 
180 Fig. A-V 1 ahowa tha anargy lavala of Hf. The nuclear 

properties of tha level ia explicitly expressed in terme of i ts spin, 

parity, and rotational quantum number on the right-hand aido of the level. 

Tha nultipolarity and electromagnetic proparty of tha radiations in terras 

of E1,H2 aa electric dipole, magnetic quadrapola, reapnetively, is listud. 
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